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ertlng has been 1nvented in a varlety of forms in d1fferent

- }cultures, though all major wr1t1ng systems are based on the

‘hwhether it be Engllsh Chluese or Telugu. : - ‘ - -

I

spoken language Differences among these systems prov1de

1mportant clues to how the braln/processes v1sual 1nformatlon.

: : by .ovid J. L. Tzeng and William s- Y. Wang AR CE *ﬁﬁ
"School daysl school days;

v

// dear old golden rule days-
;»mmewmmwgemmv'}/ -vreadlna and - wr1t1ng and 'r1thmet1c, ~&~~»¥www;4é»{;
/o taught‘to,the tune of~a hlckory stick;..."

7 . L~

i
{

= —— — T — _

‘"fThe’lmst line of th1s popular chlldren s song calls to mind

the old fashloned classroom w1th 1ts stern d1sc1pllne whlch has

by now all but” vanlshed from the Amerlcan scene. It also S

""hlghllghts an 1nterest1ng fact——that readlng and wr1t1ng are

'Sklll’/that do not. come.naturally, the way ‘speech does.“
/
Typlcally, by school age, fchlld has effortlessly sggked up £rom

: , : Co
his- env1ronment all the ba91c structures of the spoken 1anguage, ‘ L

. / ‘ } . . Lt
; : . .

. . . B . _ T
.o R P - . . - 7 . t

Learnlng the wrltten language, however, is frequently qulte

’an arduous process. Mllllons of neople 1n the world are

Lllllterate for lack of adequate opportunlty. A slgnlflcant number

'of Amerlcan chlldren have problems w1th read1ng and wrltlngrweven

e =




with the help of the best faci}ities.,This contras’% between the

two forms of language (speech versus script) is all the more
. striking given that written language. is_ invariably'based on the:

LS

W

spoken. o . : o ' o ' SN
e - b _ q : ' : t
In evolutionary terms, speech emerged considerabfy.earlier,
manylhundred thousand years ago,vwhen our_ancestors_roamed“the:
grasslands“fofffood'and searéhed-out-caves‘for shelter.
- Agriculture?began.to'repdace the“lifelstylexof'the hunter some
tWelve thousand years"agoliThe_earliest precursor of writing

~ -

"~ appeared shortlydafter, even though these'did'not develop into

.wgr"frw,tfull“fledéedﬁwritingmsystemswuntiltseﬁeralmthousandﬂyearsflater;“MJMW“f

SR 'Clay tokens have beenvfound'at'sites:afong the'Iran—Irad

./

/border, varylng in 51ze and shape as well as in marks and»

L

'A-for s1mple record keeplng. it has been proposed that these toTens k'fﬁ

gave rise to the Sumerlan 1deographs (Sc1ent1f1c Amerlcan June_

\ -
1978). Inc1s1ons found on Neo]1th1c pottery from ‘some’ several -

thousand years ago at Banpo, Chlna, are belleved to be,the direct -'%

o S AR . coo T ‘

" precurosors of'the Chinese script. These too apparently were a
.response to the needs'of agricultural life. - = 7"

X L. ] - A . S - LW L -
R . - e . .
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greas the sounds of speech’ fade rapldly in t1me and space,‘o'

wrltren message endures and can be carrlad from place to . place.

The 1nventlon of wr1tng, whlch occurred many"tlmes 1ndependently

in dlatant parts ‘of- the world, 1nclud1ng some that have emerged




ln modern t1mes, must rank among mannlnd's hlghest 1ntellectual
ach1evements. Without writing, human culture as we know it today

-

is 1nconce1vable. o - °

All of the_major systems'of'writing'are“based on the'spoken
language, though in ways which are,importantly different from'f
- each other.'To see‘these differences more clearly, we need to
clar1fy what is meant by the follow1ng un1ts whlch are used in
‘all spoken languageS°-feature, segment, syllable, morpheme, and
word._A writing system, or a script, may be categorlzed according

"to how these five types of unfts are represented in its symbols.

Actually, most wrlélng systems are really compos1te 1n that - they ﬁﬂﬂ«g

typically correspond to two or more dlfferent types of units. -

Features are elementary components of 1nd1v1dual speech
‘sounds, but not’ full speech segments themselves. Some famlllar

_examples where d1acr1t1c symbols in the scrlpt torrespond to

phonetlc features in the speech are the cedllla in French whlch
mod1f1es the letter c chang1ng it from ak sound to an s sound
(as 1n ca); or the tllde in Spuulsh whlch changes a dental n

o sound into a palatal n sound (as in senor).

14
n
-

N

The famlllar type of alphabetlc scrlpts that prevall in the'

West today are- roughly based on the segment That 1s, a letter 1n

A
N

the scr1pt corresponds to a.. consonant or vowel: segment in the-. ‘ )

speech ~The shape of the letters may vary,-of courEe, such as

f bctween the QJrllllC and Lat1n alphabets. The correspondence is . ST

%




'“%eldom perfect. So in English, the single letter x may represent
two" seqments ks, while the two letters th actually represent only

one segmant. Nonetheless, the ideal match is one letter for, one’

|

..segmentl Another aspect of.such scrlpts is that words, rather

" than morphemes ' or syllables, are separated by spaces. _ ‘.fh

\

In speech, the segments comblne to form syllables..A-'

syllable is a natural unit of pronunc1atlon, typlcolly contalnlng

a vowel and its surroundlng consonants. ertlng systems where the
symbols correspond to syllables are called sxllabarles. An '””"_”{

/ ! ' .
example of a syllabary is the Japanese kana- for instance the \

symbol™ (***) represents the syllable ka. A

An interesting script that'makes composite usepoﬁ feature,

i
b

segment and syllable is the ‘hangul, devised‘in Korez/inthe

middle'of‘the 15th century, during the reign of Kin

' Sejong, (Sea._
i .

.Figure 1). While the letters’correspond largelygio speech
'segments, thereris considerable organization in the design of
these hangul letters to reflect'their phonetic features;
Furthermore, these 1etters are stacked agalnst each other 1nto

square frames, each frame correspondlng to a syllable.
So in contrast. to. Engllsh, where the words are separated by o
l——’—”'f “‘—»._‘"—'—"
spaces,lln_hangul~1tHISFthe—syllables that ‘are wrltten apart,,Tn

N

a- sense, hangul is 51multaneously an alphabet and a syllabary.

<
‘The Korean*hangul 1s an. 1ngenlous 1nventlon,and deserves much

. ./'
further study,from,a psychollngu;stlc point of V1ew./_'

s 0w




The Chinese scriptvis the only major,writng*system now in

use where a significant number of the Symhols;fcalled logographs,
, o . ‘ . N
. preserve a direct relation to the morphemes themselves rather

3

’kthan to the pronunciation of these morphemes, (Scientific
Amerlcan, February 1973) Morphemes -are the basic units of

'meaning which comblne to make up words. For instance, the words-

i}

bov, boyish and boylshness conta1n one, two and three morphemes

respectlvely, even though each is a single word : - o

i

A few logographs are derlved from stylized plctures, such as

‘a 51m“1e draw1ng of a mounta1n or of a blrd Throuqh many o

.centurles of 51mp11flcatlon and standardlzat on of/the script, :g T
however, the llkeness is no longer obv1ous.:Some other logographsv
are made up from pieces from which the meaning can be 1nferred |
The symbol for "good," for 1nstance; is a combination oi “woman"
and "child " Thevlogograph for "inch"'ia formed from that for - -
"hand" wrth a dot be16w show1ng the . 1ocat10n of the pnlse on the
wr}st;:the 1nference here is that the dlstance between\tne two 15
an inch.? | ‘ | | .
\)vi..w | |
' ' \ e : 3 ST LT

"\ However, the great majorlty of logographs 1n the Chlnese

LI Sy

 SCrlpt, over 80%,_are—formed on-a- dlfferent prlnclple. They have
'two parts{ One part refers to the semantlc categor§ of the

.morpheme, whlle the other p_ t- refers to the syllabie'w1th ~which

! : \




’ T
.indicates that 1t is pronounced w1th the syllable "yang;"'so
Q
these ‘logographs have a comp031te functlon—-they may be best

characterized as being morpho—syllablc. S R

e

.. One of the major act1v1+1es in learnlng to read 1s explorlng

the correspondence b tween the wrltten scr1pt and the spoken

”/

&anguage. ulnce the cor*espondence between the prlnfed symools .bi
\ -
and speech in an alphabetlc wrltlng system dlf’ers from that in a

logographlc system, skllled reacers “of e1ther systém develop
different process1ng strategles in order to meet dlfferent
Ve

cognitive requlrements. These strategles are so entrenched in the

processing system after many years of constant pract1ce that

-~

' the1r actlJatlon becom s all but automat1€>

u ‘a:\“‘. .

-
!
. ;

For example, a reader of Engllsh cannot keep from applylng
an abstract rule system to tackle the letter seanent |
'correspondences in thejp%mnted words, whereas a reader of Chinese
automatically activates a spatialeconﬁ*guration scan at‘the f';*'

»
logographs. Thus the d1vers1ty of wrltlng systems prov1des*

’

) excellent opportun1t1esﬁ£dr 1nvestlgators of human cognltlon to .

“examine how children of dlfferent language backgrounds meet

various tas emands 1mposed by different wrltlng systems.,Oncer_m

-, ..) P
’we understand the flex1blllty and llm1ts of*such,adjustments, we .
2o \ N

w1l be in a bettef pOSltlon to theorlze about ba51c readlng \
processes and to deslgn remedlal programs to helpﬂreadlng"(

d}sabled chlldren.;




'It ‘has beeh‘noted:fot guite'some'time that. a fluent . reader-

,v/

-cannot actlvate thL semanc1c code of a prln*ed word once he sees

e

the word//;he phenomenon can be demonstrated very easlly wlth an.

expexlnental procedure called the StrOop 1nterference task. In

A .

essence,

color names are wr1tten 1n an 1nk of a dlfferent color

g(éfg;)

_Z_" GREEN"

wr1tten in red ink).

'Q\condltlon. ThlS 1s a.

dec131ve YES"

‘rthan'botb sy]labarles and alphabets.-_‘ B "“‘f]ﬂfli

,In the test condltlor,

"readers are requlred to name the color of- tne ink.

’

,condltlon,‘the readers are requlred to name the colors of a .

. Y
-ser1es of dlfferentﬁcolor patches. (See Figure: 2).

. L .

\

»‘a serles of colors in the test\condltlon 1s nuch longer than the

tlme 1t/takes to name\a serles of colox patches 1n the control

[} W R
! \

robust effort that has been found 11 every

G |
language examlned A . T

y

’

A An . 1nterest1ng questlon arises at thlf p01nt- wouldvthe -

magn1tude of the 1nterference (i. e., the tlme to name the color'

[
¢

:of the cPlor word minus. the time to name: the color of the color

I
patch) differ- across the varlous scrlpts? The answer 1s a

— e e ———— . T S N

-~ ‘ - . L

!

the_ e

In the~contro1

The results aré\usually clearcut. The tlme 1t takes to name

<

E

long tlme researchers have noted that for a blllnqual readef the'

‘ F] . < . ;
- 1nterference 1s reduced 1f the grlnted color words and the ,J*"nf

A T SRR

- -

mhe Stroop task can be extended to palrs of languages. For a:'

\

logographlc scr1pts produce greater 1nterference L




;respOnses arc in differept languages. We repiicated:this finding
inlour'labo:atories fot“seVeral;pairs;of';anéuages.y S S

t . : - BEETRE : . . - .-

L m——

Our resuits further show;that-thére.is a svstematic —

Vs

L rélatlonshlp between the«znterference and the degree of‘“.ff;,j
s - , . . . o
S s;mrlarlty between the two scrlpts., e

v LN T, L : ‘ \ ~

e T o tEEInsert Tableei\ahont-here o \Mq.' /

! . e e L i e e e

oo \ e
s : N\

X
. R
- . ) r' - - X . ‘\‘ y \‘ - ) R R ‘}‘
N ThlS regularlty can be seen 19 the summary data-ln Table
LRy The‘orderlng of the last three categorres'ls partlcula ly ‘-5;'>:5§_

l .

. -
».

reveallng. Why should sw1tching between qpanlsh and EnSTrsh

) S

produce a.’ lesser ;nterference *han that between French and

Engllsh? It is certalnly\not a. prlor1 obv1ous that Spanlsh and

s . PR

o
S Lngllsh are-orthographlcally more dﬂss\mrlar than French and

Engllsh (or German and Engllsh). However,alf we: exaane *he"”"'

e

S S v« Cox o
vspe111ngs of color terms across these languages, ‘as shown\ln ‘jkf

spelllngs of these color terms is eas ly seen to be the greatest.;‘

;_: TabTe 2, then the difference between\ipanlsh\and Englxsh




oo,

4;‘ﬁ;phonologlcal,‘as well as. orthographlc Informatlon as an PR

Tislan . r . oy

. -|“‘ .
PR B - . ) .

f:lntegrated whoLe.'”' R ’ « o A _
-Canfthe above’results'be'an~'artlfact of the speech act1v1ty
- N,

lnamlng the colors aloud° To ellmlnate this" pOSSlblllty, we ran:

. 2 \

"another*type of experlment whlch was’ 1n.essence a var*ant of the'

Stroop task-’but 1t requlres no oral response A palr of rumoers

¢

5f: (e g., 6 and 9), were pro;ected onto a screen And readtrs were"

‘H”} asked to choose the larger number by presslng a key. In the-

neutral condltlon, the two numbers-are wrltten in @fual size. In,

- A T~

the lncongruent condltlon, however, the Larger'number is Writtenfhf\t‘

1 e i

in a smaller slze than the lesser number. That is; the "6" o §.f\7f

appears larger on the _screen- than the "9" (See n;gure‘3)._

'“It‘has'been,known'that a Stroop—like\interference can be

N

\«
demonstrated in that it takes longer to ma e a correct ch01ce 1n

,\’

the 1nc0ngruent condltlon than 1n the neutnal condltlon. What

T, v

'-'wouldfhappen 1f ‘we used spelled words 1nstead of Arablc numerals

'SIX“ and "NINE“)? Oddly enough,,the 1nterference L o

’dlsappeared when\the exper1ment was done for Engllsh However

Y v K

: when a parallel exper1ment was done for Chlnese,vu51ng

»_ .

logographs, 1nstead of alphabetlc letters, the 1nterference was

RIS

'agaln observed. jV




once spelled.;nlséanlsh (See Figure 5).

“we should observe a slmllar pnrerference erfect Wlth the ’~;” ”'.‘
4 Spanlsh Engllsh blllnguals.

”that/these subjects had transferred'thezr-readlng hablts frohi 7 .

s

We carrled the experlment a step furtheL. A group of

{
-_qplneSe En llsh blllngua4 readers (w1th Chlnese ‘as the1r first

. language)"‘artrc1pated in .the next number-vs-size 1nterference

tavk For these ;e\ders, all three types of "'stimuli were used. AN

‘Arablc numerals, Engl sh spelllng, and Chlnese.logographs. As

'before, we observed the 1nterference w1th both Arablc and Chlnese

-~ =

btlmull. Unexpettedly, however, these readess also showed an
\

'_1nterference w1th the Engllsh spelllng as well (See Flgure 4).

/ / o N R N o /’
- How do we account for thlS last flndlng'> Could th1s Slmply

- l

‘be due to/the fact that Engllsh ror\Ehem is a language acqulred

later in llfe? Or, is' 1t because the process1ng strategy for

» S
logographs had been transferfed to ‘lphabetlc spelllng? To choose
/ <

4 between these two hypothesea, we next worked w1th a’ ‘group of

. Spanlsh Engllsh bll;ngual readers. They d1d the number- vs-s1ze'

‘ task1~ once w1th Arablc numerals, once spelled in Engllsh and

L

- o
\4

The results are unequlvocal Tne 1nterference occurred only

“ with the Arablc numeral . Ne1the1 Spanlsh nor Engllsh spelllng

produced any 1nterference. So the 1nterference observed in the

Engllsh word condltlon for~the Chlnese—Engllsh blllngual readers

_was not due\to the factor ofisecond language learnlng. Otherw1se,

_,.»-'

¢
'. -3, '

.
a"\
&

logog%aphs to Engllsh spellr




The evidence we‘haye reviewed'so'far, from both’the coior and.number.
- Stroop experiments, supports the contention that the script speech rela-
tions underiying different types of‘uriting systems piay an important roie
in reading behavior. 'A readerof a particular script must a551miiate the
orthographic characteristics of that system That is to say, if the‘cunfigu- '
“rational propegty is important in the iogograph ‘then the- reader has to pay :
speciai attention“to the spat.ai iayout of each and every eiement it contains.
As a consequence 'we shouid expect to observe a greater memorial activ1ty in
the visual system=during process1ug'of iogographs than of~a1phabet1c script
With th1s hypothe51s in mind we .set- out to compare the memory performance
~. of native Engiish readers ‘and native Chinese readers in a serial recaii tas<
A series of items were presented to. SUbJECtS either auditoriiy via av, - .—:j
recorder or v1sua11y via a slide projector (In "the v1sua1 presentations, the
_items were in either Engiish speiiing or Chinese iogographs ) The subaects —

were asked to recall the 9 items according tc their positions zn/the series.

/
The probabiiity of teca11 was piotted,according to the item's seriai position

e ) . n 1

™,

These data can be seen inFigure 6. ’y.g - o : ™.

.The memoria1 performance of ‘the American readers is consistent with
prev1ous findings from other 1aboratories. Auditory presentations usua:ly
prcduce better r(caTi performance than visual presentations for the terminal
iters. The- data from the Chinese readers also show that the auditory pre-
sentation is superior to the visua1 presentation for the last two items
| - The interesxing difference between the two groups is this. The Chinesev S

: readers reca11ed the non-terminai items consistentiy better when th“se were

",presented visua11y, whereas no stuch difference was found for .he American

/readers This superiority of visuai presentation for Chinese readers holds

£

/ regardiess yhether theﬂrecaT] itself was an‘ora1-orfurittenfresponse. This .

L
I

i . ES




,eariy stages of processing, and that reading different kinds of script taps

~ into different memory mechanisms which are themseives modaiity specifir

‘ of yisual patterns T R i

findlng suggests visual memory is 1nvoived mer° criticaliy in the proce551ng

of” 1ogographs than of aiphabetic scripts, thus confirming ‘the hypothe51s raisedg

ear]ier In fact, it further suggests that the influence of the sensory"

characterlstics of *he visual information may not be restricted to the veryi o

‘-~Th1s greater invoivement of visual memory in process1ng iogographs canv

aiso be. demonstrated with a different type of e'periment In recEnt years,

experimental psychoiogists have been using a spec1a1 apparatus caiied the -

brief periods of time Hnen a subJect fixates on a point in the center of
a 1ighted square within *he T-scope, each visua1 haif-fieid proJects to the j;;

contraiaterai hemisphere So, for exampie, stimuii presented to the right

visual field (RVF) are first processed in the 1eft hemisphere and st1mu1i 4f i

the Teft v1sua1 fieid (LVF) to the right hemisphere By correiating the pff:

'1eve1s of perfonnance on different tasks to the stimu1us 1ocations most inve

tigators agree. that the 1eft hemisphere is speciaiized for sequentiai-anaiytic

abiiity whereas our right hemisphere is: speciaiized at Gestait-hoiistic matc 5

!

In our 1aboratories, the visua] haif—fieid technidue has been appiied to

study the process of word recognition in. various scrints The resuits are_x
hardiy surprising For aiphabetic scripts. such a« Edgiish and Spanish a'l
FRVF superiority is ccnsistentiy found, suggesting a greater invoivenent ofrt
| 1nft hemisphere functions This RVF superioritv ootéins as weii for scripts
-11ke Arabic and Hebrew, evenihough here the 1ettersarun right to 1eft across

x

,the page\~ In contrast to these scripts, a LVF adv#ntage is observed with

16 /
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‘Chinese readers when presented with 51ng1e logographs, SuggESt1ng a greater

invo1vement of right hemisphere functions
The most strl&ing’resu1ts come from experiments with Japanese where a

word can be written with either the symbo1s of a s 11abary. called kana or

with logographs jca11ed kangi (which 1itera11y means Chinese characters)

awith native Japanese readers we were ab1e to ho1d thect::iaoles of SubJect

S : word and writing direction constant]across experiments. Under\these circum- -
stances. a LVF advantage was foand for the- recognition of s1ng1e 1og raphs. o
'whereAs a¢RVF superiority was found forethe recognition of words written L jf
-“in kana Apparently two different perceptua1 mechanisms are activated to \\\\\;,5
hand1e two™ distinct types of written symbols. L - _ ;

However. it is important to emphasize that these data shou1d not be tazken

} .%o suggest that Chtnese and Japanese ieaders store thousands of. 1ogographs

| in their right hemispheres and 1eave their 1eft hemisphe;es to handle the

B | Spoken 1anguage Rather, what has been demonstrated in a11 these exgeriments

. is that a greater demand of visua1 processing is inherent in the task of

Y

~_ - ivrrecognizing 1ogographs and that meeting such a- demand requires a. greater ,_;
= irvo1vement of the right hemisphere
| It is a1so worth noting that recognizing the sing1e 1ogograph is only a_ ‘_
H&iny step toward sentence comprehension in reading. Chinese -and Japanese readers
éhave to put’ severa] 1ogographs together to form a “inguistic“ vword, e.g., he}
three characters AAA BBB CCC’ for ‘the nord 1ibrary, 1itera11y piccure - book -
hati. Thus the task demands/;or the recovery of meaning in a word go much .
nbeyond just simp1e recognition of individua1 1ogographs. At this stage of ‘.j~f
IPFOCESSIHQ. a greater invo1vement of 1eft hemfspheric function is ca11ed for ‘ E

- and one wou1d expect a RVF superiority in the T-scope experiment for such

taSkS h°,' 1ersa1 from a LVF superiori ‘to a RVF superiority in’ reading /

"1ogogrpahs was exact1y what we found in another series of exp~ ’*ants

: ,17_,,;__




'»pathways may be d1fferent b later processing ‘may converge on simitar Tin- L

. convergence occurs and wnat s the nature of the resuTting 11nguistic ccde. Co

- mation is automaticaTTy transformed into an’ abstract "word" code which carries~

'phonoTogicaT. orthographic (e. g- speTTing pacterns). and semantic information.

or whether it is necessary at a11 S o

- a phonoTogicaT ‘format s an automatic and. inevitabTe process /Recent experimenﬁ

~ in their spe111ngs. And in Serbo-Croatian writings in which words can be -

ThTS suggests that in reading different SCerts, the 1n1t1a1 perceptuaT
guistic processes. It is of great theoreticaT ‘importance to ask where the.

_From findings made in our Taboratories and in other Taboratories, thevf"

fanswer to the above questioi seems to be cTearcut. As soon as our eyes

fixate on the print the v1sua1 1nformation. combined w1th contextuaT infor-?

There is. no dispute among psychoTogists concerning the avaiTabiTity of the
Tatter two .ypes of information. There is a controversy. however. over?mfiﬂj
] e

whether the phonoTogic ;) information is a pre-TexicaT or post TexicaT product.;

He prefer to think that the recoding from the visuaTTy presented print intc

...‘ \'" -~ 1)

on word recognition have yieided much evidence for the inevitabTe access of
phonoTogicaT infonmation. It can be shown that the phonoTogicaT anomoTy inte.
feres with word\rec0gnition at a very earTy stage of processing. This is true
for the recognition of Chireqe words (not singTe characters) It is aTso T

true for the recognition of Hebrew words. in which voweTs are usua11y deTeted.

r‘tten *in either Roman or CyriTTic Tetters. readers automaticaTTy recode th
pr1nted symbols " such as POTOP into two different phonoTogicaT formats: (means
."inundation“ and I'rotor" in Roman and CyriTTic reading. respectiveTy). even
when ‘they are engaged in ‘only one way of reading._ B | | e
These resu’ts tell us that no matter in what types of writing systems :a

reader a1ways has access to the phonoTogicaT information. It is not true




: that reading Chinese 1ogographs doesrnot require such information A native
_ Mandarin Speaker has difficu1ty reading a Cantonese neWSpaper printed in 7 s
/fChinatown It may be more difficu1t for a Chinese or. Japanese chi1d to -:--»";~“'f#i
~i“estab1ish automaticity in grapheme-sound conversion due to the fact that
phonemic information has not been specified in the characters That is why
ﬂ~chanting plays S0 important a ro1e in the early acquisition of reading &

logographs in both China and Japan. - T .hv S AN

- So far we have been concerned with f1uent readers of various writing

.

'systems R ha been suggested that different neuro]1nguistic pathways are\
organized to transform different written scripts into a common 1inguistic N
?code. Can this suggestion be corroborated by neurophysioiogica{ data?

- Happi1y, the answer, is a positive one. In gereral, 1esions in th tempora1
cortex are associated with greater impainment of reading and/or writing of R e N
scripts: that are phonemica11y based, whereas 1esions 1n the posterior, \ -
occipito- parieta1 areas aré associated with greater impairment in 1ogographic '

- scripts : ' | 4 o
And again,,the most striking data come from the examination of Japanese .
phasic patients with respect to their abi1ity to- use kanji and kana scripts
- sumiko Sasanuma and her- co-workers in Tokyo have reported that the abi1ity of
,liJapanese aphasic patients ‘to use thcse two types of scripts can be se1ective1y
impaired Impairment of kana processing emerges typica11y in the context of :
Broca s aphasia whi1e impairment of kanji processing in characteristic of
5.Gogi (word meaning) aphasia Thus path 1ogica1 data seems to match rather
nice1y with those. of normal readers. anirnusua1ifeat in our search of the

- N

B 'vi bio1ogica1 basis for cognition S L ﬁ‘ff

i
hE

The interactions between task demands imposed by various scripts and the

patterns of visua1 fie1d effect in T-scope experiments show on the one hand

the f1exibi1it¥ of our information processing systEm to adapt to various _
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-~ again, we are at once the creator and the ‘product of our media

.-u : - o . o \\\.j'"
4

orthographic principies. But of equai 1mportance they reveal the coopera-

five and 1ntegrative_natu_ ‘_f ou r_neuroiingu\stic act1v1t1es in reading

= ,,\ S

~In recent years the diecovery of hemispheric speciaiization has 1ead

many students of the brain.to characterize the, two hemispheres as “dominant |
_,{

vS. nondominant“ "Hestern vs. Eastern' "active VS\ resting”, etc., as if

the two hemispheres are two - separate brains with tw& separate minds. Such

a characterization of oar brain function is certainiy misieading Therﬂ is

brain Powever. it is the coiiaboration and compensation of various neurai
/

components working together as an integrated whoie that is the most 1mportant
ha11mark of human cognition“ ; o~ R v

"v The diversity cf scripts and the associated inronnation processing _
strategies reveai the intricate symboi thought interaction which touches the
very -core- of the nature of cognition. Inevitab’y,'we are. 1ed to wonder to
- what extent are the ensuing differences in cognitive styies uitimateiy respon-?j
sibie for more giobai differences among cultures. It seems that, her° ;

-




F\gure 1egends 7

'-t:ﬁi;, . The Korean Hangu1 writing system was dev1sed 1n the m1dd1e ‘of the 15th

]

ivs

century dur1ng the reign of.King SeJong This system makes more systematic .
use of the phonetic features of the spoken Tanguage than any otner ortho- | -
1 graphy. King SeJong continues to be w1de1y revered today for th1s 1nvent1on .\ -
?;These photographs taken by - Dr./Namgu1 Chang, are of K1ng Sejong's status,
v i which sits at the center'ofthe/Duksu Pa1ace Gardens in Seou1 On the T.

shaped p1aque 1n the 1nset, the 1: symbo1s in the top row represent consonant

sounds, the 11 symbo1s in. the bottom row represent vowe1 sounds.

/" /,l'
/

2. The Stroop effect IS used to measure the amount of interference that words
Y. :
have on naming objects / You are invited to name the co1ors of the b1ocks in
o . -9 /

the top two rows as quick1y as poss1b1e Then try to name the co1ors 6f the

? Eng11sh words ir the next two rows as quicka as poss1b1e4 do not read the

,words' The greater difficu1ty 1n perfonn1ng the second: task 1s an 1ndex of
‘how directly the wrwtten words are coup1ed to their meanings Thé 1ower

 rows are wr1tten in Chinese, Spanish and Japanese_kana..

\{ R T U} th1s f1gure, ‘the sma11er number 1s written 1n a larger. size This 1n;
: congruence between the number and its size causes a delay 1n the time the sub-
i ject needs to: dec1de wh1ch number is, 1arger. However, the amount of de1ay
varies accoridng to which script the numbers are written in. The numbers
111ustrated here are written in Arab1c numera1s, 1n cng11hs, Chinese and
Spanish : . . . T - -

.

: 4. This figure shows the perfonmance of Chinese readers 1n making number .
judgments when the stimu1i are presented in d1fferent scrwpts. See d1scussion :
in text. - ’ ‘

3 e . - . Le -




hS - This figure shows the react1on t1mes f Spanish readers in'makihg‘
’”number judgments when the st 1mu11 are presented in d1fferent scr1pts ;See;

-d1scuss1on in text. . . o B
. . . _ » |

"6. The figure shows the resu1ts of the serial position effect as it d1ff°rs

,between Eng]ish and Ch1nese In both 1anguages. recall of the Jast items o

in the series 1s better in the aud1tory modality. However, the ear1y items
':are reca11ed better 1n Cninese when they arn presented*visuaII;, whereas‘in
gEn911sh there is no such difference ~This finding high11ghts the 1nf1uence

;of_the script on memory prgcesses. .
. L e

-~ . . ’ N
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VVOrthograph1c varmat1on and v1sua1 1nfonnat1on prccess1ng Daisy Ls Hung and
Ovid J. L. Tzeng.. Ps_ycho]og1ca1 Bulletin; 90.3.377-414, 1981, '
.A

"‘Perceptlon of Pr1nt Reading‘Research in;Experimenta]APsyCh01ogy. Editéd

by 0 J L Tzeng and H S1nger, Lawrence Er]baum Associates,” 1981
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Human COmmunicatlon Language and its Psychob1o]og1cal Bases. Edited:by
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W. S Y. Hang ' N H Freeman Company, 1982
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ESTIMATED REDUCTION OF STROOP INTERFERENCE EFFECT—AS A RESULT
' OF SWITCHING LANGUAGES FOR VARIOUS TYPES OF BILINGUAL SUBJECT 'S, :
- " "DATA WERE TAKEN FroM DYer (1972), PREsTON AND LAMBERT (1979)
. ‘\\ - 'vAND FROM TZENGﬁ_FANG, AND ALVA'(IN:PR585)_

R oo Le T

Cuingse-EneLisn - 168 msec,
JAPANESE-ENGLISH <
Kana1 144 msec.
Kana - - 120 MSEC.
HuNGARIAN-ENGLISH  ~~ 1 MSEC.
Seamisw-EnéLisw 78 msec.
GeRmAN-EnGLISH . 36 Msscﬁ“,‘,
FRENCH-ENGLISH . . - 33msec,

‘ - / - T , R ‘




NI ACROSS LANGUAGES *

-

EnsLisH '~ ~ - Rep .- Blue- = ‘GREEn ~  Brown.
German  Rov ‘BLav . GRUN". .
L - AN

* FreNew  RousE  Buew  VErT. . BR

. - ... o e . -,". - \ ’i C
SPANISH RouJe Azur Veroe - ChFE

'HUNGARIAN Piros = Kéx . Zop - Barwa

P R

~
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" PURPLE_ CBLE GREEN' GREEN"

REI T;PURPLE RED  GREEN.
" VERlEf AZUL MORADO Rm i;‘
AZUL - TMOR*-;,‘?DO VERDE ROJO j _
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- -~ Introduction

W ) : L . S o N . . 3
In recent years;_ reading research has become a significant interdiscipli-

" nary  endeavor with contributions from. such diverse fields. as anthropology;

vartifici'a’l intelligence; -.cognitive psychology," educational psychologyzf' 1in-:”},

gun.st:.cs, and neur' inguistics. 'I.‘he concerns are not only with how we acquire

the skill of fluent- «reading,« but also with the , behav:.oral and socia
- consequencies of the success or failure to become literate m a technology
expansion society._ But for experimen’cal psychologists, such a rev:.val inter-
st in reading research ‘has & special meaning.' Historically, the systenati*:
stud:, of the p"ocesses 1nvolved 1n reading can be traced back to Hundt s
.J.aboratory where sensation, perception and reaction t:une experiments became
some of the foremost concerns of a nevly founded discipline. In- those early
years, basivA' reading research vas considered 1o be one of “the major tools.tof
Lanalyzlng thn contents of mind.' In fact. snortly after the establishment of
: the first ex;eztmental psychological laboratoryf James ch‘een Cattell Yundt

‘f:.rst American student, vrote bns dissertation qn the topic of reading

/m'/ \

- 1908, Edmund Burke Huey published his monumental vork, , The Pszcholon‘
Reading and Pedagog (Huey, 1'?08 1968), in vh;.ch nost of the reading research
of this early period vss carefully and scholarly su.mmarized. Qddly enough,

- soon after the publication of this book, the proliferation of basic research

~ in reading suddenly came to an end end experimental psycholog.,.sts in..erest

f mental processes gave vay to the enalysis snd specification of the: functionat

_relationship betireen Stimulus and Responee in behavioral act. Furtherno e,

verba'l learning experiments in the Ebbinghaus tradition becane the focus

research on the analysis of verbel behaviors. Even within the educatio

;_circle, investigators vere preoccupied with. a concern for assessment and




Kolers commented ir his introduction to the 1968 reprinting of Huey -8 book,

remarkably 1ittle empirical information has - been added to uhst Huey knew"

- §

(Hueyy 1908, _1968, P xiv).

" The return of interes+ in baeic reeding research was brought by severalz

important forces.q Firut, the renaissance of the Cartesian idea of . innate—

-~
REX

ness" led by Chomakxar transformational linguists shifted researchers etten-,

"tion from descriptions of surfsce structure toward analyses of deeper struc-

ltures in nnturai languages. Second advances in computer technology in both.
L hardware and softvare created a new research technique,. namely computer

-simulations of the higher mental processes such as problem-sdlv1ng, ‘thi nking;

.

"and compreheneion. Comperisons of such "artificial intel!!gence on the one«”

hand and "natural cOgnitive behaviors on the other hsve continued to generate

insights into our understending of understandi_g Third the psyﬂnochronome-,

tric procedure (i-e., reaction time experiments) abandoned after condemnation

:i.of Donder 8 eubtraction nethod has developed to a level of sophistication_}
jeuch that ite reliability can he established independent of the stochasticalv'
processes involved (Sternberg, 1970- Posner, 1978) Such procedures have’ been.

'-proven to be usefdl for experiments of vord recognition, 1exica1 decieion,fﬁ

[‘eentence ve*ification.‘ and inferential proceeses in comprehending texts. o

_Furthermore, reaction time experiments are usually sccompanied by complicated

models of information proceesing ﬁhich attenpt to epecify beeic internel;?

-stages ‘a8 vell as their interactions during reading.‘ Fourth a great deel of*_>

:knovledge concerning different levels of speech signsls has been accumulated

in t&e experimental nnalysis of epeech perception end production. Such 8
-..p;novledge enables investigators to more precioely specify the script/speech'”

reletionship embedded in various vriting systems and to exsmine the role of‘

~ .

e,
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' cognitive reorientetion within experimental psychology vill sustain a v1gorous:éi

_pace in basic reading reébarch hopefully”wlth many fruitful resultso‘

-.rigorous and tngenious experiments are being designed to° investigate basic

7;Eng11sh is not the only vritten script available for reading. People of other‘

'languages have been reading other types of scripts~vhich bear very differet:

reading processee and on the acquisition of reading skills has not bee

' language a certain type of orthography attempts to transcribe, readers of tha

‘ orthography nay be subject to different task demands.» Thus, the onl# vay tf%

§
i
).

speech. in processing printed materials (Liberman, Liyerman, Mattingly, &
»r/ .

Shankweiler, 1980). Fifth, and possibly most 1mportant Rudolf Flesch .pub- -°

lished a bock in%1955 called Why Johnny Can' t Réad. This book had an enormous:;f
4 T

impact on the public and the issue. of reading problems soon became a national;ff
/

e l
concern. Consequently. federal funding for/ basic regearch related ‘to the ff

improvement of education ‘was appr0priated by Congress, with the goals of
S / - o
strengthening the scientific and technological foundation of eduoation (Venez-}ﬁ?
~ / ) '

.ky. 1977) Undoubtedly, the availabilit of financial support plus the'f

: o - ﬁ. , ;'. ° .
Hhile the experimental research in/reading is gaining its momentum, and

reading processes from letter identification to text comprehension, an impor-fi
tant question should be raised- th,has the isaue of orthography never been

»addressed in the discuasion of reading and its acquisition° Certainly,

g /
-script-speech relationships as compared to ‘the alphabetic principle ‘of Englis.
script. ' Hhat effects of these orthographic variations nay have on basic?

systematically investigated./ Lonceivably, depending on’ the IQVGA of apoke

i

we may hope to achieve a full understanding of reading processes in articula
and of human ccgnition in general is through a thorough comparative read '

research across different spoken and vritten languages._ The purpose of‘thisT




- . \

chapter is to give a general rev:.ew of the issue of orthograp.xy and its

relation' 19 reading. In the following sections, I hope to provide a misslng

link for experimental psychologists research on reading._ A . e
. ) o . . o

. _ . . . ‘ . \
. . [ : ’ o . . . .

| . A , ‘ -=. . . \, ’ 2 E ‘./ }
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The Issue of Orthography ’ o

N : M “ mmes e . . .. ’ 3
e ® . - . . R \

. Bver since Rdzm' Poritsky, and Sotsky \197) successfully tsught 'a grofip .-
.ivof second-grade non—readers in Philadelphia to read Chinese, e queBJ.g\_n has-- — :

been repeatedly raised-~ If Johnny ean t reac, does that mean Johnny really
) e
. can't read in general or Johnny just*can t read English in part1 w.ar? To .he

’ . \
reading specialiets, educational psychologiets, qnd cognitive psychologists

’

. who. are intqgeated in the visual infomation proceesing of printed materia,le o
'.such a question ia of. empirical practical and :heoretical importance with\
. reepect to’ the understanding of reading behavior- At the emp* rical level is \ K
it true that eome vriting systems ars. easier io learn than othess’ At the
‘applied level, vhat degree could reading disorders such as dyslexia be avoided .
'-because a: certain vriting syatem happens to: be used for a certain type of

epoken languase" At the theoretical 1evel one must atart to untangle the

. relations between acripts a:.d speech- Research efforts ehould be’ cirected

-tovard nncovering atrategic diiferences at varioua levele of infornation
proceesins (e-g., feature extraction, letter identification, vord recognition, o
etc) vith reepect to the reading “of different writing eyatems. These

_’ analysee may roault in 8 new forn of . linguistic deteminiem (cf. Scrihner &

Cole, 1978- Tzeng & Bung, 1%0)




v _ : . [ ~
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The invention of written Symbols to représent spoken language was a great‘_"

/ R . £
achievement 1n the his..ory of mankind. With the advent -of Wr:Lt:mg, communica-
tion was expanded and the lmitations of space and \.ime (which are usually_'-

imposed upon oral commnnication) weré overcome., There have been many uriting’;f

systems for many different types oi' spoken/ languages- The basic ‘ dfzsaf_.gn"f}’i:

principles' can be div*ded intn two different categories. One c'ategorY:j’“f

includes a progression from the early semaszography, which expresses a generalff_{

idea in picture drawings rather than a sequence of words in a sentense. &

logographs with each symbol expressmg e single particular morpheme.

PO S oﬁcmmm‘ng«-the--dew}opmentmofwthl%tnhOLﬁﬂhQSmphL mm

.critten symbols directly onto meaning. The second category o1 \vriting .sx;,,'stenlii
includes a’ progrees-‘on from the rebus system (a representation of a word or vv
phrase by pictures that suggest how it :.s said» in the spoken language, e g..

" for idea) to syllsbaries end. finaliy, to the alphabet._ The concept

'behind this type of orthogrephy is soundlwriting., Undoubtedly. tne evolution

_and persistence of a certain type of writing depends to a great degree on the
special characteristics of its corresp_gnding spoken langu&e (a 1eview of the
N e developnent of various typee of writing syste7s can be found m hung & Tzeng,

in nress)’ ; ance spoken languages differ considerably, diversity in writing
_,_7_’____..__\_';_._,,, ,;j,systems is ‘L0 e expected. .

The d1ve sity of vriting systems raises an important question~ -i'hether
. or: not acqua.sition of reading ekill is facilitated or hindered by how the

o apoken language is represented in print.- 'rhis question has become of najox'

concern. among reading specialists (e g., Gibson & Levin.»19'75, Gleitman;r;_&

' Rozin. 1977. ibeman, Liberman, Hattingly, & Shank\:eiler, 1980) as vell' at

cognitive psychologists vho are interested in’ the effect of orthographi<




:differences on . v1sua1 information processing (Biedermen & Tsao, 1979. Perk &
AArbuckle. 1971, Luketela & Tyrvey, 1980‘ Tzeng & Hung, 1980; Tzeng, Hung, &
*1Gerro, 1978 ?zeng, Hung, & VEng, 1977) It is not unreesonable to conaecture .

'athat numan informetion pro»essing ecrategies mey‘di’fer becauso the informa-._”

-1tion is’ px eented in different formets.; For example, it ‘has’ been suggested

" thet tke meening of words aed of pictures are recovered vie different

processing routes (Peivio, 1971) Thus, depending .upon how meenings are;

represented in print (i e., uhe% type of Vriting eystem is used), a reeder mey
]
heve to develop uifferent proceesing etretegies in order to achi ve readiug

ww_i,ii_pro£iciency~”~3y.comyar”nsathe experimenxal reoults of»readzng"behavior across““"*i_
'lengueges es vell as across different writing eystems, ve should be able to

“gsin some insights into the verious intricete processes involved in reading.

oo mhe present paper vill address the iesue of orthogrephy. kIts~purpose'is.f'lﬂ
“to briefly revierresults of cross-languege mesearch and comperetive reeding

tunies in order to echieve a better theoreticel end practicel understending

of. the fundementai peychologicel processes of reedins behavior, both in/the r

;f acquisition end in their develcped functioning._ Vith the eseumption thet
./~-different orthographies mey encourage the use of different processing etreteg- ;j_;
/,.. -" -

/ ies (in fact, Hung & Tzeng, in press, provide much needed empiricel evidence

to eupport this eesumption) ve can eesily epprectete the generel advantage of

&

_ such croes-language and cross-writing-eyetem studies. : ﬂyv atudying the

proceases uaed to xead and to leern to read in eech vriting syaten,'ue can.':

leern vhnt the range of possibilities is.‘ Knovledge of the paasible proceeses ‘.,!
. o

'_need vould he of theoreticel interest -to thoee who try to bnild theoriee of

f.cognitive proceeses from reeding reseerch (e.g.,' quton e logogen nodel, -

3969)3- It vould also be valueble in applicetions euLh ‘as the noditicetion of '




<

e

CBtructing written languages for many -American Indian languageh,; 1980

orthographies Grimes & Gordon s disoussion of probiems encountereu 1n con~
'y . {, N

Furthermore, delineating ‘the: Jimilarities and differences of reading processes*

between different writing_sxstems will help to build an-efficient reading

7

“\.

. Relatiooe'ﬁeﬁieenrsdrﬂpt and’SEeach'ff-ﬁ’

2

~ ; SR

v

' c1oue that one wou_d expect that anyone who is able to speak should be able e
' read. This is einply not fhe oaae. For all normal children,‘epoben 1 gu

seens to require no. apecial effort to learn.v On the other hanr"

child is bleased vith the ability to read., Tvo ps thIOgjsts of?“'”””

.f

i visual perceptual problem,: the problem is rathpri‘that 'the. eye ie

biologically adapted to language (Gleitman N Rozin. 1977. p;.s)

. ‘ .
Coy o
'

‘.}o;e;;3$iti;;,'j{”ify o
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The/r% 1s a genersl concensus that written languages evolved much leter.f'

than spoken languages “and that in some wsy, the' former attempted to mimic the
\ - latter. In fa t, except for the earlier aemas:Lography (r’ating back at leest
fsr as 20 ,00Q. B. (.) which used pictorial representations to refer to )

meanlng directly, most uriting systems of the vorld odry are perasitic, in

various. forms. _on their corresponding epoken language. Since. their develop-

ment is largely based ‘on speech the scripts -are -all eorrelated uith the pre-

n ~

existing units of the spoken languages. But the exact nature of this

correlation varies across languages. 'rhat \s, since there are neny levels of B

N g . 1
representatiun for a spoken language, +he transcription of visual symbols into
- the* spcken language can. he achieved in. many different uays. Let us - examme_
» these relationshiss more closely. "
o . "_9’ : :

L%

Lingulsts commonly recognize three classes of phonetic segments-' phones, .

phoneme and morphophonemes (in order of ‘increasing abstracteness) The

—~ oy

, segments group together horizontally into larger sequencesi' the mora and the - '

syllable.- ‘I‘hese distin\.tions can- Se seen ‘in the Japanese Kana script. Il‘or'.-"'f

exsmple, at the phoneme level an utterance like "komban hss 6 phonemes

represented by six different Roman ..etters. At a more concrete level this

i L2

same utterance contains 2 syllables ’but 4 moras, beca\.se each of: the nasal. -

N

consonants counts as sn additional mora. ‘I‘hus. the vord is - uritten vith 4

P s

Kem eymbols such as /-\ sl 'i'he corresponding Kanji houever," con-

' tains —Just 2 logographs such as - , since Chinese script is. basedv-.'_,%
on eyllablee..;k These different ecript-speech relationships bave important L
o0 psychological inplications for the learner. Recent speech perception researc’m':

indicates that syllables are the nmallest coherent unite ot epeech. they tend"-;‘;-'v.ﬁ

n -:-

: to be physically undissectible, they are the smallest pronounceable units offﬁ? ) ;

N
0‘

3




speech and they may be produced in preplanned units (Liberman, 1970) 3

Therefore, grapheme—speech mapping at the syllable level should “be: . lessi”
‘abstract than that at the level of moras or at the level of phoaemes.-
Moreover,b it has been reported that few reading disabiIity children are T
.observed in writin ‘oysteme with concrete scW1pt-speech relationships such ase

'the Japanese syllabaries and Chinese logozrephs (Makita, 1968° Tzeng & Hung,f

1980)

JIf we look back at - the historv of ﬂriting, ‘vwe s on discover that the}

'appearance of various type; of writing systems pzooeed in a certain direc-”

Y

) tion. In a sense, the transcription initially starts ‘8 the deepest level,l

vthe conceptual gist (exg., picture drawingi) then gradually shifts outward to

the gurface level the sounds. At each step, the unique and concrete ways of:
_representing meaning\Give wey to a smaller but more. general set of written;
‘.symbols.' In other vorde, the efficiency of writing is achieved at the cost of
sacrificing the more direct link to the underlying meaning,‘and consequently

i~

the’ grapheme—meaning relationship becomes more and more abstract.

Thﬂ traditional classification of orthographies into logographic, sylla-

A

bic and ~alpha etic nodes captures three types of script- peech mapp.n

,relztionships.;«ror our’ present purposes, ve will review the essentials of

_these" relationships, hovever, n detailed and in-depth enalySis of such

relationshipe can be found in Hung and Tzeng (in oress)

L3

Logography represents speech at the level of the morpheme rather than t

o word, so that ach 1ogogram stands for the smallest neeningful unit ‘and its;

R \ o _

“i"fonm, therefore remeins constant regardless of syntactic atructure. Thet i
\ .

< N

"-m”grammatical marking elements, such as tense,, umber, gender, and 'so on,




i;ntroduced by adding other morpheme characters ‘rather than modifying the form

/ '

a

of a particular character.~ For example, in Chinese logographs, _g_,, went, and_. S

gon are expressed by exactly the aame character Co=n -y end both r_.._r- ‘and _
oxen are expressed by the single character, ' ;}, . This perceptual .
constancy must provide a certain advantage over those writmg systems. such as

the English alphabet N vhich require the mar\d.ng of grammatical inflections at

the vord level- '.l‘hus. the learning of a logographie aystem may have initial

‘e

succeso as long nas the characters to be learned are kept distinctively

different. lxs more characters are 1ntroduced hovever, t’ney are bound to have

' similarities to the previously learned characters (after all the number ofv

4,

basic strokes iu Chinese character formation is only eight') \Hhatever-‘ .

1nitial cues a .Young reader employs tend to fail aa more characters are

learned . confusion sets - in, d learning is disrupted until other memory' o

7

strategies can be used (Samuels, 1976)

~ '|
kY
\

The syllabary represents speech at- t!}e level of the eyllable, a perceptu-" o

, ally identii‘iahle unit vith a reduced set o symbols‘. For a 'beginning reader,

o

the match betveen each symbol and.- each 'perceived sound makes the translation'

of visual arrays into thetspeech code mucu easier. 'i'he concept of mapping the

secondary linguistic activity (i.e.,breading) onto the primary linguistic

: activity (i e., speech) ‘can be acquired earlier through direct perceptual-‘

associative links Bouever, the initial success of learnins a syllabaryw
't"’ts to °°113P80 as soon as a. large number of lexical items are learned and

the problem of homophones eets in.. Ior example, confusione over eegment‘?;l:’ionT

(corresponding exmnples in English vould be to-gether vs. 't g t—her, a—muse E f;:

V8. am—use,; etc ) tend to \pile up during ordinary reading (Suzuki, 1963)

i
!
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Finally, an. alphabet*c writing system represents speech et the morphopho-
ne:nic level such that the grapheme—sound-meaning relat..onéhip 1s1 opaque. This ,
/ | S

reqaires a hlghly anall'tical processing strategy in order [0 unpack the e

meaning encoded in word 2

that ars composed of a sfill further/ reduced set of-'}"fr"
' .

'symbols. The abstractn s of such a. multi—level representation may be opt:.mal';”:_:;;

3

for fluent readers (Chomsky & Halle, 1968) wever, it poses a great deal of-;}‘;.'f_'

difficulty for those beginning readers 7089 cognitive ebil ty has not yet,f}f‘{'l

reached the level nec}ssary for extracting the orthographic regularities;_

enbedded in the writteﬁ words. o / ; I [

There is. als/o an important / contras{ between logogrephic and alphabetic

s |

scripts with rd’spect to how /symbols are stacked together [to represent the ‘

| - [ .
L spoken language graphically{ For example. in Enghsh sc,ript , spaces are -

.

largely determined on the basia of "words.. - Han, _gentleman, , gentlemanlz
' .

ungentlemanlz and gentlemanliness are each written 8s a

single vord, even‘ )

/v
though the last word contains 5 norphemes \-hile the first word contains only
/
" ' 1. 1In ~Chinese acript, on the other hand +he spacing is based on morphemes

and each morpheme is in fact a syllable. So, a word like tricxcle has three

) morphemes in Chinese (three wheel vehicle) and is therefcre vritten w:Lth 3‘

- characters, = ,‘.‘5_}.:;) :;:", ., and read as t}u.ee : distinct syllables.”-f'_:_gj

' Peroeptually. the grapheme—sound napping in "hinese is discrete while in

l
English script the relation is continuous and at a more abstract level.

‘l‘he grapheme—-sound napping in these two languages may have different'{‘?’f

-

implicetions for the beginning readers of these two scripts. . For Chinese-f[;
children, the written array is dissected syllable .by - s;llable and thus has a

‘ one-to-one correspondence vith the. syl.‘.abic boundaries of the spoken language‘:”

v L | RN
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Because of the " multi-level‘representation, a reader of English; °nnﬁh¢_9ther"
hand may have to go through a morphophonemic process in’ which (a)-vords areﬁm” o
first parsed into morphemes and then (b) symbol-sound relationships can apply

(Venezky, 1970) Furthermore, phonological rules are necessary in order tot

"derive the phonetic form’(e.p., to, get /sain/ for sign) These processes ‘are .

veryﬂabstract and may, therefore be quite difficult for the beginning reader.

As we look ba0k at these historical changes, we see‘that the evolution of
vriting systems follous a singls developmental pattern. At every advance, theo
number of symbols in the script decreases and as a direct consequence, the'~'
. abstractness of the relationship between script and speech increases 'his
pattern of development seems to parallel the general trend ‘of cognitive
\ development in children.. Results from-two independent lines of research are
.of particular interest. Pirst, anthropological studies (Laboratory of ‘Compar-
'ative Human Cognition, 1979) ha"e shown that children 8 conceptualization of *
the printed g.rays in a tert proceecs from picturea to idea to syllables,

and finally, to vordness.» Second according to E. uibson (1971), one of the .b

major trends in children's perceptual development is the increasing specif{ci-f'
q

ty of correspondence betveen what -is perceived and the information in

etimulation, as a: beginning reader progreeses from the vhole to the differen-,

\-

tiation of the whole, and then to the synthesis of the parts to a ‘more
lmeaningful whele. In 'a sense, the. ontogeny of cognitive behavior seems to\ -
r ecapitulate the evslutionary hietory of orthographies- Certainly, this :'i
c-cannot be aimply a b:.ological' coincidence (G‘eitman & Bozin, 1977) ' Su‘ch :

parallelism implicates the importance of a match betveen the cognitive ability

of the reader and the taak demand imposed by the apecific orthographic

structure of the scripts. One is a1most tem;ted to uggest that orthographic '

'-.\ . *
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'structure in a;‘yriting system must somehow mold the cognitive processes of its
: readers. In fact, it has been claimed -that - the processes 1nvolved in
.extrecting meaning from a printec’ array depend’ to some degree on how the

information is represented graphically (Besner & Coltheant 1979; Brooks,

1977. Tzeng & Hung, in’ press) It is therefore concelvahle that - o:.fferent
cognitive stretegies are required to achieve reading efficiency in various
writing systems. One particular concern is whether these different cognitive
requ:.rements imposed by- various script-speech 1elations im;zose a permanent

constraint on our Visual information processing strategies, such that readers

‘of different scripts learn to organize the visual world in radically different

- ways. Evidence for such a.new linguistic relativity" hypothesis can be found

in pape*s discussing ‘the weak" version of the so-called Who*fian hypothesis

(Tzeng & Hung, in press) and in recent ethnographic studies oa the behavioral

consequences of becoming - 1iterate in various types of Vai writing eystems

(Scribner & Cole,. 1978) Cross-language and cross-writing system comparisons

are . certainly needed to help us answer this and other questions.

: ).ﬁOrttha'phic Variations -and Cogiti\fe Processes

we have revieved the general background for the developnent of various

-

types of written scripts. Ve - \l\mve also briefly discussed the linguistic
\

,.status of each of the three major ty'pes of orthographies in terms of its

\ )

embedded -ecript-speech relationship. . \Let us now turn ourxattention to the

\
behavioral consequences of these variations.- 'l‘here are. many iss" Sy vhich hale

recently been tackled hy cognitive psychologists, anthropologists, and hy
neurolinguists. Among them, our concern will focus on those having to do with

bilingual literacy. :




o ) ) I L . ’ ’ N

1. Readins Dieabilitz

‘.'

Hhile _the problem of reading d:.subility is pervasive -in 'langu_ages"

| 'adOpting the alphabetic principle (e.g., Engl:.sh, German, Spanish, etc.), the

/arity of reading disability at the beginning level has been noted in

_languases adoptmg ayllabic and losographic systems (Hakita, . 1968; . Tzeng ‘&

Hang,' 1980) "Hakita attributes the success of Japanese initial reading

"t

inatruct:.on to the . fact that Kana ecrints have one-to-one grapheme-sound

-

-correspondence. Sakamoto and Hakita (1 9’73) further show that many Japanese"-

chi ldren learn l(ana aymbols vithcut formal instruction before they enter.‘

3

)achool- On the other hand Tzeng and Hung attempt to account ‘for the success"
of Chinese instruct:.on in terms of linguistic considerations.~ They point out-b_‘
" that Chinese, as a logographic ecript ia meant to’ express a single particular -
morgpheme _while ignoring many grammatical marking element (e.g., 1 WANT GOV :
.inatead of 1 VANTED ‘70 GO0). That is, the character remains the same

regardless of ayntactical changes. In Chineee, the character-epeech mapping

is morphosyllabic in nature. ; Thus for Chinese children the taek of learning

to read ‘means eimply ‘to learn to aaeociate each ‘spoken eyllable with a

particular charaeter of u e-aignated meaning. In general, the orientation and f

the number of atrokee uhich form the baeie of a character bear no, relationship -

to the aound of the apoken vord.‘ Even though the majority of modern C‘nineee

charactera are phonograma (Vang. .in preaa), the auccees rate of using a baee

character to ao\md out another character is estimated to be low (less than 39% _'

‘ according to- a raeeé:\t analysie of Zhou, 1978) This lack of eymbol-to-a}:und

t

correapondence leavea the beginning readera a. moet atraightfor\rard vay (and

/

probably the only way) to master thouaanda of diatinctive charaetera. namely,

the way of rote memoriaation- 'l‘his eituation is very different from that of
- /,, ,‘./1 : .

e
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,learning an alphabetic script where one’ has to be able to extract orthographici

-

regularities embedded in- writt@n words in order to figure out the letter-sound

A _
‘correspondence rules. Therefore, beginning readers of - Chinese (when the»

number of characters‘to be memorized is still limited) face & mere concrete

/

learning situation than those who are learning the alphabetic writing system.

The ease. cr acquisiticn of the logographic systam is further attested by a-

ER

widely cited study in Philadelphia in which a group of aecond-grade schoolk
kchildren uith\serious readins problems that had resisted even after extensiv
R utoring by conventlonal methods were able to make iapid progress in lcarnin

s

and reading materials written in Chinese characters (Rozin,v Poritsky,vf

. Sotsky, 1971).

'Hhile the evidence seems to be impressive,.one has te be cautious in’
_ interpreting results reported in the above studies. The study reported by
: Makita (1968) and the one cited in Tzeng and Hung (1980) uere both crude

survey reports. , Questionnaires were sent to school teachers and pre-

designated questicns were framed in a manner far from satisfacto"y.i Horeove

in both Japan and Taiwan vhere literacy is highly valued and a great deal?of
ial pressure is alvays imposed upon schools to make the schools look goor

a’ ei%ple survey on reading disability can never tell the whole story. For one

’ thimg,s-akita claimed that Ksna is ‘easy to learn because it maps onto thsf;
sound at’ the level of syllable._ Hovever, 1nguistic analysis shovs that Kanaff
in fact maps onto the sound st the level of mora (Hang.‘in press), a smalle‘u

but more: abstract unit than the syllable. And there is a report that Japanes

children do have problems dealing uith mora (Sakamoto, 1980)

_'\



\"-.,_‘cross-cultural control, cannot be interpreted too, enthusiastically. Rozin et

: glu 8 (1971) data is interesting ‘but methodological weaknesses make it less

impressive than at its first appearance. Other criticisms have been advanced
. in Tzeng et.al. 61977) It is important to get one thing straight: Learning
- a limited numbexS of - Ch‘.nese characters does not qualify a person as a

R successfnl laamer of Cthese. The essential diffi"ulty of learning Chinese

i

scripts lies in its hnge nunber oi‘ d*'.stinctive characters. nozin et a1.

& Y

‘success in teaching second-grade non-readtrs in Engllsh to read first grade :
\ < .

or. lower materials in. Chinese is hardly surprising.

-~
S

I think At is fair to say that Do hard evid'ence so far has been provided " o
.to support the rarity of reading disability in-a certain type of orthography
as: compared to other types of orthographies. However, at different atages of
ecquisition, learning seens to be impeded by diff&'rent kinds of difficulties." |

This is not surpriaing. Readers of a logographic script must fa(,e the probl‘em , ,'43;,'

i

“of menorizing a vast anount of distinctive characters. Readers of = syllabary’ '

must search for invariancea nt oné 1eve1 whlle readers of an alphabetic system L

~ h | q

‘~_\still another level. The conmonality is that 1earning to read effectively is_ 1

dictated by the apecial script-apeech rslationship embedded in a particular»'i‘

—

orthography. It ‘is no wonder tha* the I.nguistic awareness of ‘one's own"f

\
language becones a prerequiaite condition of - auccessful learning in the'.r_

{ : besinning \readers. This is especiany true "in the alpha'betic scripts with = .-

— deep phonolog, \such as’ Englieh see Liberman, Liberman. Hattingly, '&

N
Shankweiler. 19803 Hattinely. 1979)
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2. Neurops.ychologic,e_l'-’Difi‘e ence.

We know that in Japanese three different types, of? scripts (four if’ you‘

consider the prevalent ‘use of ronaji) are uséd to- represent text- ;So, a
fluent reader of Japa:xese hss to kngw all three types of scripts, nanely,‘
Kanji, Kitaksna ané x{iragana) Q Sasa uma and  her associates\(for ‘a noref

.

. detailed review of Saserxl'ns s work see H g & Tzeng, in press) have presented'_

evidence showing that the ability of Japan se aphasic patients to use Kanji:
' and Kana scripts may be selectively related o the specific type cf aphasic
disorder. Careful examlnation of . the patients performance suggested that

impairment of Kana processins typically o"curred in the context of the oversll" "

'syndrome known as Broca 8 aphasia, vhile imptximen+ of Kanji was charecterie-
tic of Gogi (word meaning) aphasia. The- implication is that phonetic-baeed.,
scripts such as Kana and logo«'raphic—based script such as Kanji requirei;

. . different brain location in. their visual infomation processing. . But t°hie

\ -

' structural interpretation may - not be necessary. : Empirical research with
: Chinese ;haracters by Tzeng et al (19‘7‘7) and the~ on—going research into t
'relationship betieen read ng snd speech by the Haskins group (Libermen et al
- 197‘7) peint to the importance of the auditory sho: ¢-tefm store ns necessary t
”prinary linguistic activity such a8 comprehension and that morphologi..s

’ ‘information nay require phonetic storsge at an intemediate stage of proces '

ing. The results reported by Sasanuma -and her associates may be interprete

- not, as. independent neural ,cocessing of the phonetic and norphemic components
‘but a8’ differential realizetion of tvo levels of linguistic awareness (Erick

g son, Hattingly, & 'l‘urvey. 19‘77) Although clinical evidence such as the ebov

case has its linit pid gene li abilitz, the observation of selective impei»

‘ :nent in reading Kanji \nd nans scripts among the Japanese ephasic petie
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ﬁeyerthelese demonstratcs- differential - task demards ‘imposed by these two
- ecripts. B " L , :

”»

-~

Sasanuma 8 (1974) findinga quickly prompted another SerIBS”of‘Tesearch~*~'"v~ﬁ

'vhich is concerned with vhether the' vieual 1ateralization effect (i e.,
\

hemiepheric domlnance) vould show differential patterns, depending on ihether

p\onetic Bcripts (e.g., Jepanese Kana, English alphabet etc.) or 1ogographic -

ecripts (o.g., Chinese logographic and Arabic ‘numerals) are employed as -

P

etimuli. The term lateralization refers to the different functions of the

-left or right cerebral hemiapheres. Hiehkin‘and Forgeye (1952) tachistoscop;-

cplly exposed English‘words to either the right-visual-field (RVF) or left- -
Viaual-field and found a differential accuracy of recognition. favoring uorde

| presented to the RVF, auggesting a left hemiephere euperiority effect. On the

other hand, reeearch investigating vhether thr asymmetric visual field effects

are aubjeru ‘to the influence of varia.lone in the orthographic structure L

generally reporta a different pattern. For inatance, procOSSins Yiddieh ords'f L

has been found to ahow a left visual. field advantage and the habit of v1sual_f

acannfng during reading vas auggested to aseume an important role in the.

vieual halfhfield experiment. The unique atylee of Kanji and Kana symbols;;;‘>of

provide a teotins sround for theoriea of cerebral organization.n Hirata andﬁtf~

: Oeeka (1967) end Hatta (1976) both found. a euprior perfomance of the left

E h”‘iaPh"e in the proceaoina ot Kana oymbols.w ’.l‘hia reeult ie Bimilar to those"’i'j:

obtained “with. alphabetic vgiting. Becently, Hntta (1977) reported an- experi-e‘vi

ment meeeuring recognition

heniaphere) euperiority for both high end lov feniliar Kanji characters. Alaoo"'

using & ’°°°8°1"1°° Prbced“re- Sasanuma. Itoh, Mori, ana- d(obayashi (1977)';"“

ccurﬂcy Of Kanji charactera end found a. LNF (right;aff

' preeented Kana and Kanji vorde to nonmal aubjects and found a: sign;ficant Lvyfﬁ e
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superiority for the re’-ogj.\tion of Kana words M a nonsi 'can’t%\grend- of-:;"’;%

for those sound-

“LVF superiority for !’anj characters- Thus, ‘it seems that

scripts, ' a. ‘TRVF-'-LIE _

*"*'based symbols such -as- English words and Japanese Kana

-—

pic recognition vtask'jf.‘f:ﬁ

’superiority effect is to be expected in a tachist/osco
" while a/LV'F-RH supericrity effect is to be expected for the recognition of:

Kanji logographs- Controversy arises immediately concernins the reliability .

of the Kanji effect. Previous experiments conducted by Kersner and Jeng,

(19’72) as\'uell as: by Hardyck, Tzens, and Wang (1977) w:.th Chinese subjects ,_

periority effect in the processing of Chines

.re"\rted significant RVF su

characters. Thus, ‘the cerebral orthography-specific localization hypothesis,
. , Uy }

A recent dy by Tzeng;;_“

proposechy !rat’ca (1977) is- questionable.—--
They found that, in fact the LV'P

aRVF

al- (1979) shed light on this issue.j

superiorlty vas only obtained vrith recognition ‘of single \characters,

advantage‘ "simn’ar to tha1:—obteinedw withunlphabetic _ma en;l.als, was observed

2 -~

when two or. uore characters which make up a linguistic term wer\e used. Tz

,orthog r'.zphy-specific locelization hypothesis *_-_f‘t

by %.nan 8 (personal comn\.nication) results tnat even dwi

aingle charac;ers. fonly the eimple mi.ng ,task’ howed a LVF risht henis‘;he

assificetion task showed a le

doninance,‘ e;.‘ more complice ed gramm tical cl
the evidence for different’ial 'brain fun

hemisphere dominence. : Therefore,.

tions ‘in processing phonetic—based and logographic scripts does_



L

So far, I have briefly revieued research on effects of orthographic -

-

. variations on* cerebral lateralization using tvwo different approaches, namely,

13 . R

the brain 1eeion approach and the vieual half-field experimental approach. It .

- L i
! is true that differenees ‘were found in the clinical and experimental studies .
1

resulting from reading different orthographies.; One mey want to interpret‘

" these data as supporting“the hypothesis of hemispheric specificity. However, 2

Hung and Tzeng (in press) offers an alternative interpretation in terms of . N

differential knovledge structures. A According to them. the two. different
pattern—anal#,ing\ skills (i.e., . recognizing kanai vs. kana scripts) may fbe

viewed ° as reflecting two different .types of acquired knowledge, namely._ _

>~

knowing that versus knowing how.,_ The former represents infomation that is

data-based -or declarative, whereas the l}tter represents infomation that is ‘
based on rules or procedures (Kolers, 1979) According to Hattinsly (1972),‘

) operations vith these two types of knowledge require two different levels of

"linguistilc awareness. " Vhereas the realization of knovledge that requires

ary linguistic activity (or Level I ability in terms of Jensen 8 J :

.....

R,
.

. ’ only a pr--

(19’73) cl ssification),'\ the rea’ zation of knowing how requires a more

_ abstract Tcondary linguistic activity (or Jensen s I.evel II ability) ; The |
\

iubalance between kanji and kana impaiments obtarved in Japanese aphasics_f_,w

D

L (Sasanuna,‘ 19‘74) nay be the result of differential difficulties related to the ‘

au \
8

perfomancc\a of 'these two levels of linguistic activities. The dissociation ofu_»__}"

)mowinﬂ how from knowi_g that has recently been demonstrated in amnesic
~ o

patients (Cohen & Squire,‘ i%O) e \ :

Due to their unique fomtion Chinese eharacters °ff°r\05iremel ] impor— S

tant opportunity for inveetigatora to exenine the different properties of the

two hemispheres.‘ }(ouever‘,‘ it is eseentiel that the inveetigation nust s*tert" |




by analyzing the hnguistic prOperty of the characters. . AA ',recent”'sto_dsr'ff'bfr

Nguy, Allard and’ Bryden (1980) "demonstrated that Chinese pJ.ctorial‘L;v

acters show a d:.fferent pattern of lateralization effect in visual half-A

experimenta es compared to non—-pictorial charactere._ But carefnl ezamination

S of their materials and their unconventional classification ehow ~nl.y h

heir data are totally useless. For example, how can. the cherecter

O
"ghost“ be pictorial unless they are seeing ghost"

S~

He have to avoid g1

.

irre5ponsib1e experiment. -

>

i -
e e AT £ S

D Diﬁ‘erential Processing I{ec‘\anisms and the Behava.or Conseguences-

d

-~ ) One research 1seue concerns w:.th whether d.fferent processing mecham.

are activeted in reading different scripts and what wou.ld 'be the behaviora

e

i st s ..........4».. e L

of 'being T1it erate in var:.ous \:riting systems

S consequence, ,if any,

o the first quostion, Besner and Coltheart (1979) have

respect t

o English ‘letters. _ Their data ehowed that com rins two P hic
] . . '. » o

‘ﬁ.‘I

o*der to perfom the fomperative jugment taak (P

- '\..-

Q}' ‘975) nis, dey
ader may have ) A

'_ T e upon how meanings sre represented in print, =3




E visual mode.

To tap into these different proces31ng mechanisms, Turnage and Mccinnies
(1973 asked Chinese and American college students to study a 15-word list in

a serial learning paradigm. They also manipulated the input modality of the

| stimulus ~presentation. ‘It was fOund that Chinesev studente learned the

character-list faster when it wan presented visually whereas-- Am‘*ican students
learned the vord-list faster when it was presented auditorily.‘ Ths finding on
the Chinese characters is opposite to the famous moda11ty effect (Crowder,.

1978) in »hich auditory presentation of English vords results in better recall

~than does visual presentation._ The interpretation offered by Turnage and

Hchinnies: (1973) ds that Chinese logographs contain more characters with ;

similar sounds but differe meanings than is the case for English, and thls

characteristic of the orthographic structure may favor learning through the‘larw

~ ST

. Turnage and HcGinnies (1973)“atudy inyolved  two different language

ar

populationsq Not only were the scripts different, there was also a difference

é }'- i

in spoken language. The. script may not\kf the determinant fa*tor, ratner, ‘the

Vo

dvisual modality advantage could have been a‘result of differences in spoken

N

~languages. But this latter account vas eoon ruled out by a atudy comparing

o I

the learning rate of Korean words vritten in either Chineee charecters or

~(Korean Hangul (an alphabetic acript,ﬁ aee Uang. in . press).c Koreans}fcan,
A_transcribe their epoken 1anguage in either acript.: Park and Arbuckle'(1977)i

examined the memory of Xorean eubjects for vords vritten in these two typea of

vriting ayeteme and found'that vorde preeented in logographic script ‘were .

_remembered hetter than uorda presented in elphabetic acript on recognition and

"ﬂfree recall but not on paired-aesociate recall or serial anticipation. Lhue.

.there iaL indeed an intrinsic difference vith respect to the proceasing ‘

b



T understand or speak Arabic)

" . - :
AN : : . !
N : :

. ~ . L . :
mechanism ' for these two. scripts, and these differences seem inot to be S

. associative’ in nature.

But  so far ‘the most 1mpressive line of research has been prOVided by"‘
Scribner and Cole (1978) in their ethnographic study_ of the cognitive,gﬁ

T tribal Vai adults of becoming literate in Vai or Arabic _An:ff

‘consegences fo

'~ analysis of" the process of reading the Vai syllahary indicated ‘that specia1;¢

task demands are imposed by the script. Vai is a “tone language but tonaljﬁ

1nformation is not marked in the script. Furthermore, no word boundaries or;f

o

punctuation are indicated in writing & text 80 that the reader must group thegf

syllables together to form words, then again integrate these into meaningful

linguistic units. On the other hand, the Arabic script is an alphabetic

© system and is learned mainly through a rote memory process (the students don Y

When students of these two rather differentﬁ

fscripts were tested in various: cognitive tasks, Vai and Arabdic literates didf

 not. differ in their ability to comprehend the vord strings, ‘but Vai literates:

were superior on the picture reading and sy‘lable integration tasks whi"

" mimicked their normal reading activities. In couirast, Arabic literatesié

' performed better than Vai literates on the incremental nemory task vhic

Thesﬁ,

presented task dzmands most similar to their every reading actIVLtLBS-‘

1 results indicate not ‘only that different scripts impose different taskg

;reqvi:ements for achievzng proficiency, but also that strategies developed te

Ny :
meet;athese' requirements are’ *ransferable to’ situations with similar task

g

| requirements. Therefore, Scribner and Cole -(1978) provide rather strong

."evidence for our hypothesis that becoming 1isarite iz ecertain ucripts can have

' a,long'lasting effec in molding our information processing system.

N

3 L - . . .
~
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conducted by Treiman, Baron, and Luk (in press).

4. §peech Recoding in Reading.‘ \

When peop1e read to themselves, do they recode the visual input :Lnto s0me

~gort . of spe‘ech-like code’ (i.e., articulatory, acoustic, or both)? ’ The

existence of such\,recoding is no longer in doubt\_ (Baron & Treiman, 1980; Tzeng'
& Hung,_]_9$0)' 'I'he question now facing us is why- :Whatnfactors encourage its

use and what factors_ discourage it? Orthographies vary considera‘bly in the

demands on the reader. h.cord:.ng to Liberman, et al.»(1980),_ one of ‘the

’ ajpects of such variations is the depth of the orthography, which can be -

\
detined as the relative distance between an orthography and its phonetic'

representation. For examp‘le, compared with Vietnamese,\- English is a rather
. \
deep orthography, and thus demands greater phonological developneut on thev
5 \

‘reader's part. It is quite pOssible that differencss in orthographies along,'v

this dmension affect the use of speech recoding in silent reading. If 'the
. \

written foz'-..'.xs on the page stand in .a regular relationship to the , sounds of ~
- \

. ) » : \
language, the reader may use -the grapheme-sound rules to help\ him derive the

vmeanings of words. Such ‘a path would be 1argely unava:.lable to \the reader of

i

Chinese, but vould be highly aVailable to. mglish readers.-» Therefore, we

vould expect readers of English to engage 1!1 speech recoding more ' than ‘would

Chinese readers. Such an expectation was recently verified in a study

The inveatigation into the relationehip 'betueen the degree of speech
’recoding and the depth of orthography is an important _one. By finding.
differences among orthogrsphies along the“?\dimension of grapheme-zdund regula"-
Ity, we can convince ourselves of the existence of some speech recoding in \at

\
least one of the orthographies studied. vl?or \_example, Treiman, Baron, end\»



,
@

{Lux s (in. press) finding that more speech recoding occurs in alphabetic than:iz

logographic scripts (as indexed by longer reaction timés and/or more mistakes_ﬁ

-in judging homophone sentences) enables us to conclude that. some speech'gﬁ

'recoding does occur in reading alphabetic scripts. ‘«nce. this \fact isjg

established we can begin to provide accounts of the possible pathways (causal
links among mental representations) between representations of print, speech=

and meaning.‘ Cor researchers who attempt to build cognitive models in term

of reading hehavior, knowing the effect of the orthographic structure on th

relations of these pathways should be one of their ultimate goals. So far w

e Ie.-,c

 know that whether or not.a certain path will be bvpassed or activated dependai

7 on the orthographic structure of the seript one is reading.“ But the precis

»
o
-

relationships are still far from clear. . \ . SRS

. \'-\. . ; ’ ‘ o

.One/ean pugh the argumen* even further and make the claim that, in an
:1

alphabetic scri vhere the prediction of sound from letters alone is’ alwaya

/ [}
valid (i.e., a nerfect spelling-to-sound regularity), readers may automatical-

EXperiments with a

°v.

' major

/ly activate the phonological route to the lexicon.
’ _"phonologically shallow ‘ orthography such as Serbo-Croatiah (the

language of;ﬁugor, via vhich can\be written in either Roman or Cyrlllic) have

: consistently demonstrated that lexical decision proceeds with reference to th‘
" phonology (Lukatela, Popadic, Ognjenovic. Turvey, 1980) Most impor‘antly
these investigators found" that even vhen matters were arranged so as to mak

the use of a phonological code punitive in accessing the lexicon, readefs of

Serbo-Croatian were’unable to suppress the phonologicaf‘code. This result i

- ‘;""directly opposite to that obtained in English._ Davelaar, Coltheart Bean

and Jonasson (1978) found that under similar arrangements, readers of - Engliah

. s

abandoned the phonological route and opted frr direct visual access to the

L . . . o

v
| A
Ly
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“lexicon: Thus, in a less shallow ox‘thography such as ‘English, reading may

proceed simultaneously at several levels of linguj.stic analysis. The concept'

of depth with respect ‘to the orthographic structure seems to be a useful

construct in evaluating the is ue of speech recoding. Here is an area in

which comparative reading studies across different 9rthographies can yield.
\

important 'iz..\.fo-rmation.

.

th do experimentul psychologists 80 WOrry about the issue of speech
rec-oding° Beeidee the pure intellectual p suit, there are reasons of

_ practical importance. For one, it relates to ‘the choice of teaching method.

' to- .read. ‘On- A

There are currently two popular methods of teaching a aix-year c?(‘cm\ld how

he one'. hand, there _is the phonics method whi emphasizes

learning the so d asde by letters first, then learning to ble d these sounds
"~ so that the wr tten symtols make contact vith their meani gs through the

apoken language.ﬁ On the other hand* there is the\!_l e<word method vhich

emphasizes learning a direct connection ‘oetween the vritten 'word (as a vieual"
pattern) and the’ meaning for which it stands. Thus, depending on his/‘her
attitude about the presence or absence of speech recoding during reading, the
teacher ‘decides whether the phonics or the vhc,le-vord method is a- more

appropriate one for teaching young children how to read.

) 'I'he ‘'second practical reaeon for ,our concern & .ut the iasue of "Speech""
A- recoding ie that of “4ialoct-mismatch between teacmers and a"hilingual child -
(or for that patter the inner-city school children in this country). It is a
cpmmon obeervation that in many bilingual classes, the spoken language of'
‘ tnchers contrasta aharply ‘with that of the etudente. -The coneequence/of such

a miematch can be a- oerious ope- (Chu-Chang, 1979) for loarning 5 ead.. What »

,,‘ . ‘"
.
4

3




should the. teacher """ do?-- Only by. examining the jssue of s eech recoding in

/ ' reading will we be able to come up with soms: suggestions- 7‘??564, 1t»i's‘;*‘

z/ o important that we call people s attention to this issue (Chu-Chang, 1979)

—

! _ 5, Bilingual Processing. ' . : ) o 3

Dur ‘final 1ssue concerns research in bilingual processing- In the past;f
(3 .

.Nbilingual studies have always ‘dealt with spoken languages-‘ There has.been;
ggllttle concern with the possibility that experimental results may be contami-}
: nated to various degrees‘ by variations in the orthographic structure.:
P
Recently, Biederman and Tsao (1979) reported a study in which they found tﬁatf
'a greater interference effect was observed for Chinese subaects engaging in a;
ul o Chinese—version Stroop-color naming task than for mnerican suhjects/in. an;
English-version. They attributed this difference to the possibility thati
there.may he'fnndamental differences in the perceptual demands of readingr

‘ : L e
Chinese and English. /

N

Prompted by the intriguing find1ng of Biederman and‘msao (f979),.Fang;
‘Tzeng, and Alva (in press) went one step further and ran a modified version of
the Stroop experiment. They asked Chineae—English bilingual subﬁects to name
colors in .either Chir. 2 or-English on either,a Chi- -x rersion or an English
version of:the Strov» .at. They fonnd.a reducti a the interference effect
“in ‘the inter—language condition (ive., respondirig -in Chinese on the‘English
version or vice versa) as compasgﬂ with .that in the intra-language condition.
A similar experiment was per:ormed using Spanish-English bilinguals vit)

either English version or Spanish version Stroop test. Again %the reduction o‘

the Stroop interference was observed in the inter-langu: e condition a:

59




compared to the intra—language condition. A further‘analysis reveals that
/

althOugh both experiments showed a reduction of interference in the inter-‘

/ language condition, the magnitude of reduction was- grea*er in the Chinese-.

‘English experiment than in the Spanieh—English experiment. Since Spanish and

English are both alphabetic acripts, ewitcing Janguages does not change the
processing_ demands. Hovever, since English and Chinese -apresent two differ-

ent orthographic etructures, awitching from one to the other may prevent

-t

him to be released from th_e Stroop effect.

l?ang ‘et al. (in press) also made an inte est:.ng observation.- They

| ”,recalculated fron Dyer's (1972) "and Preston and Lembert' e (1969) bilingual

. data the magnitude of reduction of the Stroop interference from the intra- to

the inter-—la.nguage condition. All together, thereﬁere six types of bilingual

subjecta,' namely, Chineae-Engliah bilinguala. Japanese-English b:;],inguals,

_bilinguals, and Spanieh-Enslish bilinguals.’ ranz et al. ranked»~theae

bilingual data according to- the magnitude of reduction from intra- to inter-

language condition. The reeult ia as followe. Chineae—Engliah Japanese--

English (with - Kanji).- Japaneee-Engliah (\tith Kana), \Hungarian-EngliSh

that the RIPE: L‘,tude of redut.tion (from intra- to inter-language) depends on the-

degree - or .;imilarity betveen the orthographic etructurea of’ the tvo tested

——

languages. Thus, ,bilingual proceeeing ie definitely affected by the

aubjects from employing the same processing mechanism and consequently cause

French-English bilinguals, German-English  bilinguals, - Hungarian-English

- Spanieh-English, »cerman-Englieh, and Prench—Englieh. This ordering Asuggesta

T ————

orthographic far..or. and (it is fair o _say that) the - curious neglect of the

orthographic factor ‘in previoua bilingual reeearch ie an unfortunate m-etake.-

How can we reaoxve the independent vereus inte7 dependent lexica ieeue vithout B

taking into account variatione in the orthographic structure?

- 80



From the Viewpoint of cross-language research, the demonstration of the
importance of the orthographic factor raises a host of more intricate
lqﬁestions_to be answared. Do these differencés result in aifferent types of
dyslexia°. Do they necessits‘“ iifferent 1nstructiona1 strategies for teaphing‘d'ﬁ
different scripts to beginning readers° To readers learning a secor’ Iongne geA

R

which has a different orthographic structure?

Conclusion'

There is an inseparable relationship between written 1anguage and spoken“;f
languages-—they both are essential ccmmunication tcols in human societies andl}%
to some extent the former is parasitic on the 1atter. There are many writingfé;
333°9m3 for ‘many different languages. Essentially, they carr be categorizedﬁé

into\three basic writing systems besed upon their various Srapheme-meeningf“

relationships:: logographic. syllabic and alphabetic vriting systems. E ?héf;;
pr%?ent paper has reviewed most of the empirical work which is re1evant to theff
issue “of bilingual 1iteracy. I have tried to characterize differences off?
cognitive processes in reading different types of orthographies. 1 think thef?
recognition that different orthographic structures impose different task‘;
demands is . portant one. Vithout euch recognition and an attempt %o

control the rthOgraphic factor croes—language compariocne of 1iteracy skillsi>

.are meaningless.
: .

In the paet, research in bilingual education and bilingualiem has g*" 3 &k

N T ——

implicit but incorrect asaumption that all bilinguals, regardless of the ‘type

)f orthography in the original languages, are aIiEP Researchs reViewed abovei




have shown that reading skills acquired in one orthography may not be the same

as thoae acquired "in another orthography. if these two orthographies have

different ecript-speech mapping rules. ‘I‘hus, inetructional prograns’ for
]

b11ingua1 children whose home 1anguage has a non—elphabetic orthography sho.uld

'be carefully des:.gned in order to facilitate pos:.tive transfer and minimize

negative interference due to the orthogra-ghic yfactor.
\ T . » E . B : .

Comparative read;.ng research across different languages is an important

mission for it will help us’ to unravel the tangled story of the most

remarkable apecific performance that civilization .has- learned in all its

history" (Huey, 1908, 1968, p.-6).
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‘Abstract

It has been consistently reported thatAdeaf childrenihave tremendous problems

in reading . Englishesentences} Three ex‘erimcnts were conducted in-the present

study to investisate the nature of deaf children's reading inability. “The

first experiment looked into the letter-decoding process. Itpwas found that

L
deaf subjects took ‘longer than normal hearing subjects in encoding and

decoding alphabetic letters. The second experiment employed a sentence- ’

picture verification paradigm. The results showed that deafgsubjec:s adopted:

a {visual-imagery coding strategy rather than a general linguistiﬂk«ﬁodin"
strategy as deseribed by Clark and Chase (1972) and by Carpenter ani Just‘

(1975). However.'when the sentence was presented in manual signs (Experiment .

3).4'deaf subjects' verification time showed that they adopted a general.

linguistic coding strategy. . Thus. deaf subjects” are capable of linguistic

coding strategy, but they do not apply it to process .printed English
B‘

' sentences.‘ A second -}anguage hypothesis was advanced to account for the -

obtained data. Deaf children's reading inability was also discussed from this

\ “ N LY

perspective. o 0

w0 - -
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The ability to manipulate and comprehend both spoken language and written

- °

language is critical for communication; It is unfortunate that the deaf are ’
deprived of one and deficient in the ot:er,_with the result that the average '
reading ability of deaf children iébfar below ‘that of normal children. Ihe
purpose of the present study is "to identify sources of reading difficulty in
deaf children. using an information processing approach ‘
Hyklebust (1960) reported that on the Columbia Vocabulary Test, the mean
score for normal children of age g-is 20, while for the deaf the mean is 3 f
'At age: 11 the respective scores are 33 and 6; at age 13. the scores are u3 and d
10; and at age 15. the respective mean Scores become 63 and 11.--Not only is ‘j
the difference huge. but it also increases - Hith age. .Furth (1966) also

N

reported that by'age"16; only 127of deaf students read at o;mnbove the Sth \

k\grade level, a level uhich is generallv r ferred to as the "functionallyr“i
‘ ‘Y

useful reading “level " Bcrnstein and Roy (1973). after summarizing results

A
\

obtained from several~different reading tests..found that 16-year old deaf
students' readins ability is equivalent tc a grade level of H 66 Even at:f;
Gallaudet College, uhich uas specially established for «ueducationally ?f
succéssful deaf -students,- the rending ;bility ls cnly equivalent to gth or :f
; .10th grade (Reynolds. 1975). Not only do deaf children definitely lag behind
hearing children at besinnins reading stages but the gap also increases with 2
each additional year of schooling. Moreover, the deficit seems - ‘to permeate‘.
the whole spectrum of linguistic ability. - 'For'many‘years, researchers havejf
' been trying to uncover the causes of these reading difficulties. ,hanxh
different reasons have been suggested. _j : . ".: o R rfJZ’Qj

SN

The ° first apparent aspect of reading which ,is missing from fdeaf\f

. a . . .
. o Y
; : A . L g e
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children's reading  behavior =Is their inability to transform the visual

information into -phonetic codes. The importance of phohetic_ recoding “in

- ° * . ) -

reading cannot be overemphasized Experimental ults have shown that

- hearing persons tend to store visually acquired ’linguistic material in a
L
phonetic form (Conrad‘ 196&‘ Kintsch & Buschke. 1969). Tzeng, Hung, and Wang

-
(1977) demonstrated a-similar phonetic recoding process uhen Chinese subjects

et

_were reading Chinese characters which’ do not have letter-sound correspondence

L.

rules. Further. Murray '(1967) has reported experimental evidence “showing that
under certain conditions subjects still use a phonetic'code even when such a
code is not very effective.

Two different but not mutually exclusive suggestions have been proposed
- f S

to explain the role of phonetic recoding in reading comprehen51on. The first

(N

is that the phonetic code is a more durable code than. the visual code and thus

3

is more effective in holding uords uithin working memory until meaning ‘can be
derived cor comprehension can be’ achieved (Baddeley. 1979. Baron. 1976 Huey.
1908. Kleiman. 1975. Liberman. Mattingly. & Turvey, 1972).—~The~ -other
\' suggestion {s that phonetic wrecoding is reouired for mapping the written '_
1anguage onto the primary spoken language in order to make use of the‘
'[ processes and structures already developed for language comprehension
(Liberman. Shankweiler.. Liberman. Fowler & Fischer.' 1977). Experimental -
results from comparisons of memory performahce of good and poor beginning

-~

readers seem to be in agreement uith both of these views. T
1f phonetic recoding plays such an important role in reading behavior.
what happens to. deaf children uho. because of’ their specific handicap, do not
| have the phonetic code $£o prolong the information in uorking memory and . thus

cannot use it to help to map the uritten language into spoken language’ To-

Y




answer __this and other related qu'e‘stions. Conrad and his associates conducted a
long ser_iels of ex_perliments with ldeaf children.‘ In his recent hook_\ donrad ’
(1979) reports a project in which he studied" 468 hea'ring impa_ired' tudents
aged 15-—16;5. Out of this population, 35% were profoundly__dea_f..‘ ha\ving a

hear"ing loss greater than 85-dB in the better ear. Only five of these\people :

‘ were  found to be able to read at a level appropriate to their chronolpgical

\
age. All'five of these good readers were very intelligent and, by Conrad's
. : . i

measure, were using internal speech for processing written material
Evidently. without some form.of phonetic recoding. reading achievement cannot
go very far.

Many investigators also believe that the re'ading..b__deficiency of an deaf-i

s persons is the result of experience deficit in addition to the lack of speech
recoding ability. Furth (1973)- links the performance of deaf students to that
of'cultura)lly deprived_ hearing students. A someuha. different_vieu was
prcposed by'Russell .Qu'igley;' and Pouer (1976) and Moore (1978) who regard
learning to read as being similar to learning a second language. The idea is

. that the code used by deaf persons in their everyday benavior c{is not’
¢ deficient. but different in kind frcm the phonetic code used in spoken
English . Since "the orthographical regularity of written words is highly
related to th,)honological regularity of spokeén words, deaf persons are

forced to learn something they are not. familiar with The idea that

differential~coding\schemes may be respcnsible for d“af children's reading .

- difficulty is ind,eed a plausible one., It is true that nost deaf— children\use
gestural. signs as their everyday conxmunication :_n‘edium., and Conrad (1979) ‘has

' suggested that sign language-may~bel-an---effective»medium'for thought . Although

empirical studies ofksuch a "gestural code are just beginning, the idea of

’
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bilingual experi'ence in deaf ch._idren's learning to read As an intriguing-one
and deserves more carei‘ul examination.

The present study is modeled on this approach, with the following basxc
assumption; For deaf children “who acquire sign language ‘as _their firstb
language, re‘ading an’ array of printed material is artificial and requires a"
totally different set of information processing strategies. ‘l‘his assumption
provides a rationale for the three experiments to be reported in the present‘
‘paper. Since our concern is mainly with deaf children s learning to read

-~ English in America, the discussion’ will emphasize the contrast between English
| ‘and American Sign Language (ASL). |
R - i-s. as compared to- English in every sense an‘ independent. full-
fledged language. ASL signs are not based or English words, and they may or
may not have exact single-word English equivalents Just as a word in Russian
or Chinese may or may not have an exact English equivalent ASL signs also.
have their own rules of” formation and a unique and complicated grammar for thel..
/

production of correct ‘'signing sequences (Klima & Beliugi 1078. 1979)

Newport. and Bellugi (1978) demonstrated ' sign language has an hierarchical :

structure. That is, ASL like English has various levels of taxonomies for .

\

concrete obJects.. ‘ I o "
Although many of the signs in ASL uere\derived originally from pantomime.
over the years an increasing number of signs have lost the property of '
iconicity (defined as a natural system of . icons and their denotations,. &
simple semiotic system in uhich signs and meaning closely match; see Stokoe.'

e 1975). In fact, at first glance. the signs of modqn " ASL have become So.

————

— \

arbitrary that someone not‘ familiar_luith the language- will ‘not be able to
‘_’\

understand what has been "said" by simply guessing from tmpes of the\




N . . )
Y .
‘

' si%gns. Stokoe, 'Casterline; and. >Croneberg' (1565) and Friedman (1977) have "'\‘ffvj
idenbit‘ied and categorized ASL signs according to four major dimensions: Za);‘
hand cont‘iguration (shape ot‘ the hand in making t'.he ‘sign), (b) place ot‘
articulation (location of t'.he hand on t'.he body). (c) movement of t'.he hand in
making the sign, and (d) orientation ot‘ t;he hand in relat‘.ion to the body.

These dimensions are uset‘ul in studying tj.he decoding process of deaf subjects'

[}

communicative behavior. : o ’
~ Many researchers have argued that AS'V ‘should be considered as " an
.independem: language because it shares many of the psychological properties ot‘
other human languages. For example, it has been observed that deat‘ people
sonetimes make - "slip ot‘ the ‘hand" mistakes just as normal hearing people
sometimes make "slip of the t‘.ongue" 1sbakes (Bellugi &eK lmta. 1975) . -'It \as .
ra
also been observed that. deaf peop)e take longer'tj/ _e"t‘inger t‘umbler"
sentences Jjust as hearing people do t‘or _"bongue twister" sentences

.~ . : o

(Bel lugi, Personal Communicat ion)

If ASL should be considered as an independent‘. language, then deaf" people

who use ASL should be considered as bilinguals when they are taught to read

English. For deat‘ children with deaf parents (t‘.hose chﬁlirersometimcsxﬁ_

' ret‘erred to as the prelingual deaf) sign ‘language should be co1sidered as th

E native languag‘e and English as the second language. Even t‘or deat‘ children:

who have hearing parents, sign language still is a predominant communication

bc\aol.‘ Thus. learning to read English should alsc be considered as secon
language learning. Indeed Drury (1980) has recen;ly .shown that the errcr
;

patterns of deat‘ college students on the cloze task, in which words are

. ' randomly delet'.ed from a prose -pessage, are int‘luenced only ’oy the immediate

N environment; of the deleted positions. This is exactly uhat: is observed in a




[

non-native Englishv‘ speaker when‘ he/she is taking a cloze _test (Alderson,
1979). o ‘

1f reading English‘is a second language experience for deaf children.
then ~.the possibility that they employ two different coding strategies in

~
processmg signs "and printed materials becomes an interesting ‘empirical

question. Although research in recent years has not yielded unambiguoush
results, most ‘of At indicates that the decoding efficiency and consequently
the speed of responding to verbal stimuli in the bilingual's second language
'is generally slower than in his or ‘her firsts language. even after many years'
use of the former.x _The semantic content of uords tends to be decoded more
slowly in t'ne ., secon_d language than in the first. even at very elementary B
. levels: -the process of decoding words belonging to a second la'ngUage system
simplym requires more. time (Dornic, 1979). . The reason for thi_s decoding
. deficit is not yet clear. It does seem clear. -thoughf. that sornehow'
information processing in the second language is impaired ‘and that the ‘deaf
may share this common deficit in learning to . read English SinceAmost

bilingual research deals with spoken languages. a car‘eful examinatio't of deaf

_‘_\ : chiidren s learning English as a second language will “\be important " For

P ——

’ -

’ ‘hearing children. learning ;i to-read—a_second language is usually accompanied by

learning to speak that language.. Henoe.‘ they ”may still rely on p o
codes. For deaf children, houever. this "is generally not the case and th- Y
~ they may demeloo differential coding strategics for processing signs and
printed verbal materials. Let us ‘review empirical research uhich investigates '
the coding strategies of deaf subjects in their processing of linguistic
materials.

Frumkin and Anisfeld (1977) studied the three possible - codes (i.e..w




. v1ographic, v%em. "e, and manual) which may be used by - deaf children -in-

storing 11nguistic items.- They found that deaf children were indee . using}
‘these three codes differentially to process linguistic 'materials‘_under :
»xifferent input conditions. Hhen-tau inputs'were printed Nords‘ deafhchildren"

retained the orthographic shape and the semantic content unereas when thei?
- units were signs, they retained the formational properties of signs and . their};
semantic content Their data also suggested that-deaf children tended to rely‘;::E
on a semantic code while hearing children of the same age tended to rely on aui
phonetic code. For example. in a recognition test hearing children tended toi;
falsely recognize TOY (a distractor word) -for BOY (a target word) while deaf';
children tended to falsely recognize GTRL for: BOY Frumkin and Anisfeld-ig

attributed this dif’erence to the fact that deaf cbildren do not\have a speech;;

code to effectively prolong the incomins information. so that xhey have toff

L

rely more on a semantic code, Conlin - and Paivio (1975) also reportedf;

"experimental evicence suggesting ‘that deaf and hearing children were employingr?

¢

.\\

two qualitatively di\ferent strategies in. processing verbal . mat exialsfi

"presented visually.‘ Their data confirred the observation of Odom. Blanton.;i

,and Mclntyre (1970) that word signaailfty (a measure of the ease with which afﬁ

. word.can be rooresented as a gestural sign) is a critical variable in.thef?

-__“__‘*~verbal_leazn“_g~2~rformance of the deaf. They concluded that gestural signs,dz
ettt :

‘_l___~____~___‘_~ :
_ visual features. and visual images all seemed to p ay m

children s symbolization of veroal materials. | ) , S
Bellugi, Klima. “and, Siple (1975) studied the nature of cading in deafgf
subjects' processing of ASL. with short—»erm memory ‘tasks. Their results;f

.

;indicated that deaf people uere usirg structural and rormational features offﬁ




use a phonetic code to retain lingui"tic information in shori-term memory.

' Alth \ugh this ev1der.-e suggests that deaf orild: 2n can use gestural and motor-

.
\nvment codes to ret.ain information in short-—term meq6y. experimr_ ©al results

of stuulies 0 long-term memort in general show that tne semantic code is used -

by both'deaf and hearing' subjects. Siple, Fi"cher. and B 74 (1977) found

that - deaf subjeots did not -’ store the .visual/gestural input in uineir original

visual forms in long«term memory but - rather in senantic categories just as

normal hearing subjects would do with Engiish wordsv.(Underwood & Freund,

.- 1968) .. 'l'his result was replicated by Lliben, Nowell and - Posnansky (1978)

They presented words and signs, which can be cluatered either according to

semantic categories or according to formational characteristics,_and asked a

their subjects for free recall. Their results showed that deaf subjects do

cluster the output by semantic category rather than by hand shape or other

signing features .

30 far ;most experimental results convincingly demonstrate that deaf'

-

people use a different set of multiple codes to process letters and uords.' it

is still not clear what kind of representation they have after reading a’

sentence except to say that it must be semantic in nature. As is well known.-

. reading a sentence involves muoh more complicated mental processes than merelv

identifying letters and words. Examining the coding prooess at the sentence' '

r

level will undoubtedly yield important information about the reason behind-

\x—deLch‘ldren s reading disability. Since deaf children seem to . use two
\-

\
diff‘erent strategioes in deaiing Gfﬁﬁi‘gns—a th letters and uords. it is_ ,

“highly probable that the final semantic representat.‘ms will. be different for ,' .

' sentences expressed in sign and for’ sentences expressed in English. Hith this
, P ,
_,hypothe“is in mind, the present paper intends to investigate the reading

1 -



to overcome their productional det‘iciency causmr by the auditory impairment.

-
v

behavior of deaf children 2t the level or sentence comprehe-\sion.» "'This‘ work__"lf"'"
uill have bath hoor ntical _and practical Implications - Theoretically.'
'knowledge of cosniti\?e proeesses in dear people. because of their unique : !'F-f

_’handicap.' can shed light on many questions about the role of speech in &

-cognitive development. Practically. un‘_qvemins ;héﬁ. prot:essing deficit

underlying deaf childrens' reading dif!‘iculty w:.ll enable us to’ help the dear*

RS

S General Pet}:od ) IR o

Loy

g

T"e aim of the present study is to provide Information concerning the =

: mental proce.ues inyolved in sentence comprehension of deaf children. Since'f; .
\ : ’

v N
their reading achievment is general very poor. the experimental materials"r’f'

"

%_should not be S0 difrtoult as to interfere with compreh'-nsion. Similarly, nthe:_ E

? re3ponse ‘chosen should not be so oomplioated as to interfere with easy__-‘;:-f

exec““;“' Thus, the fOllONiAS Sep&ral paradigm *vas. adbpted° a. stimuius'v
3”‘&, uas presented for a brief period of eime. ollowed by a judgment task in
Hhich the subject wa.s aaked to make a. yes/no response according to a pre-‘
»specified c'ziterion‘ The. reaction time (R’r) ror making a correct deciaion uas

N

rccorded and used as a dependent measure. Such a R"' experimental paradigm‘has k

’ been popular in current infe”mation \roces ing research. It has been i;'

‘ ..tccessful employed Lo study many phenomena in eognitive psychqlogy. including
.mmory. pcrcep;ion, psycholinguistics. reading, etc. However it has not been
used in the deaf population to stud'y problems beyond letter recognition.

:“‘wo experimental paradigms were empioyed in ‘the present study. One is:“

- the letter decoding task originally develOped by Posner.. Boies, Eichelman and

‘l‘aylor (1969). ‘In the subject 4s required to make a’ "same" or'

"dirferent" judgment to simultaneously presented alpha € %ett%

~.




the physical.identity (PI) condition, the subject is instructedfto>respond

SAME only -4f the two letters are exactly’the same {e.g., AA, aa, etc.). ln

the name identity (NI)‘condition.'letter-pairs are to be called SAME 'if they. - -

are identical to each other (e.g., AA) or if "they share the samefname‘(e.g.;

Aa) . Posner and _many others in different llaboratories have consistently

»

rnported that it takes 1onger for subjects to. make a name identity judgment

>\r.; .L

[oam 4

A*to reflect the additional time required for determining the name assoc1ated

S
'with each character.' This process which transforms he physical features into

s some meaningful unit is called the decouing proces (Hunt 1980). For normal

I

hearing subgects. the name code is phonetic in nature. But for deaf students,
khe nature~of ‘the name code is less clear.; In fact, we d> not know whether

Posner et al.'s letter decodlng paradigm is pplicable to deaf subjects.» As

) - I
/ mertioned above. deaf children may xuffer from reading deficiency because of

.7 -~

\f their lack of phonetic codes. It is desirable to employ the letter decod1ng

Al
paradigm with deaf children to see whether the speed of their decoding process

also cqrrelates uith their other information processing operations.

.

The second paradigm used in the present study is the sentenceépicture

an/a physical identity jud"ment This time difference has been interpretedi
/

verific ation paradigm origlnally developed by Clark and Chase (1972). In this

task the subject reads a simple assertion about a picture,'e g.. SIAR Is

-

- 2
ABOVE PLUs, then looks at the’ picture (e.g., %: ) ‘and determines whether

or vuc the assertion is an accurate description ‘of the picture. In the‘above

\example. the subject’s_correct'response should be-"yes“ and consequently this

a

sentence is claSsifird as a luUE AFFIRMATIVL (TA) Sentence.' Ir the picture'is
S -

|
""", the correct respolise should be "?o". and the sentence is clas a51f1ed as

FALSE AFFIRMATIVE (FA) sentence. Th#re are also negative sentences. For’

—————
- .\_



“ex.am pl’e .

“a TRUE NEGATIVE (TN) sentence.

~

- linearly increasing functis

Y

shown is ""' then the subject's cor

subject's correct response "sheuld b

. o

a target sentence mdy be STAR xs ot ABOVE "PLUS. If the pictu-'e

rect response should be "yes" and this is{

Simllarly, if the picture shown is T '

e "no" and this sentence is cl.as asii‘ied as

FALSE NEGATIVE (FN) sentence. _ The times required to read the sentence and to

make the true-false judgnent are recorded. The &fndependeno variable in such

experiments is the linguist:.c complexity of the target sentencﬂs._ 'rhe

dependent Varlable is the reaction time for making a yes/no decisic,n.

‘-

Results from this type of experiment are rat.her' triking and_'

‘/l,v
somewh”at coxnter intuitiv e.

/ .
n thh the ordering TA<£-A<FN<'

The. RTs for the four types of sentenv‘_’.ﬁ

/

account for -such an orderly linear increase. "C _penter '

.

elaborated and modified Clark and Chase' s/1°TZ) original model and proposed .

\.onstituent comparison model. In this model it is assumed that n
_ and picf,ure are represented internally by logical promsitional forms.

both representations have been formed they are compared

component from the innermost to ‘the outermost constituent _.

noted that for such a model to be successful it is requ,i'ry,‘e_d Ll ataifirma

sentences are verified more rapldly than negative sentences. and \YES respon

(for TRUE sente

<7

Furthermore, the affirmative-negative effect sh

nces) are faster tnan No r‘esponses vf“’or FALSE sentences)

ould be considerably grea

than the true-false effect. ;
1975) seem to - confirm these effects.' Ho)-rever.

’\ :
‘Later experiments (Hunt Lunneberg. &_ﬁesria»

1975. Just & Carpenter._

general;.t,y of the linguistic modql was soon. challenged by findings/

1

subseqnant studies. : ' Ty
) HacLeod Hunt. and VNathews (1978), in 2 large-scale ‘study,

- s - 1.



sentence: verification data from. 70 University of -Washington " students.

Averaging over subjects. the constituent comparison model of Carpenter and

'.\

Just . (1975) accountea for 877,of the variance, which‘is of course an adequate ’

] replication of Carpenter and Just's report. ’ However. a totally\ different
. A
picture emerged from further analySis o the individual data. _ While many

subjeots were reasonably well fit by fhe,model. 16 out’ of 70 subjects provided
data that showed quite a different pattern. The verification times Were
ordered TA(FA FN)lN rather than the usual TA<FA<FN<TN. The data suggested

that these 16 subjects were using some type of internal code other than the
general linguistic code suggested hv Carpnnter and Just (1975) Examination
of these’ 16. subJects' verbal and. spatial aptitude scores revealed that all of
them “had relatively low verbal scores but considerably higher spatial scores.,
This result led MacLeod et al. to- suggest that these subjects mizht use‘a
visual imager;\code to process the linguistic %information. - That vis. they

might first translate the sentence into a visual image ‘and then simply compare

this newlyoformed visual image te the presented picture. Thus; at least two

¢

different coding strategies have been identified An perfdrming the sentence—v

picture verification task, and whe strategy choices themselves are- predictable
on” the basis of subject characteri tics.n
’ Since profoundly deaf . people do.not usually have a speech code available.
and are . presumably using primarily a visual—spatial code._thev were expected
‘; to perform likc the visual—imagery subjects in the HacLeod et al study
o That fs..for deaf subjects we should expect RTs for verification in TA, FA
i;IFH; and ™ sentences to form an ordering ol Tﬁ(Fk-FN)TN (as predicted by
‘ HacLeod et al. ) rather than Tl(FA(FH(TN (as predicted by Carpenter and Just)

‘ This hypothesis was tested in the second experiment of ‘the preaent study

-
»

- . . e
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Since we know”™ from rev1ewing the literature that heaf people use

different codes to process "verbal and swgn materials, it will be interesting

to compare the results of sentence—picture verification under conditmons of

reading a printed sentence and perceiving actual signing. An additional““* e

'question can be raised at this point. Which set of. data. the sentence reading

performance in‘axperiment 2 or the sign—pexception performance in Experiment - ¥

\
3, would have a higher correlation with the letter decoding performance ‘in

Experiment 1? " The answer will of course give us insight about the nature of y{”

‘the internal code formed during sentence comprehension by deaf subJects.

,\Experiment 1 Letter DecodiJJ *

.

The.e were two purposes for running this 1etter decoding experiment.p

First this simple experiment served as familiarization and?practice with the'lﬁ

' key pressing responses to be used in later more complicated experiments.l‘f

Second the data may reveal the nature of the name code for letters ‘when there "

" is little p0351bility\of speech recoding. The obtained RTs in Experiment 1*?}

are available for correlation with. the RT data of Experiments 2 and 3 The‘“

degree and direction of these correlations will allou us to characterize the
coding struvegies used by deaf subJects.

Method
: ‘ "
Subiects o - i !

3
i

*Thirty-five profoundly deaf high school students at the California SchoolJ;
for the Deaf in Riverside (CSDR) cerved as snbjects. CSDR is a residentialf

school for profoundly deaf and hard-of—hearing students. All classes. ranging}

N
%

_from elementary to high school levels, are conducted in both sign and speec

»

and ASL is extensively used on the’ campus. The age. of the subjects rangedr

from 1& to 18, with a mean of 16 3. According to the school records, all of




Materials

N,

the subjects scored 90 and above on the Wechsler Intelligence Scale for

Children (wxs:) (IQ range from 90 to 133, with a mean.of- 109. 62) A ‘the
subgects were dear ’rom birth. They ell are classified as "profoundly deaf"

with a2 hearing loss of 90-dB and abovecin the better ear.

\

The stimuli were the letters A, B, G e~d H in upper and lower case. ‘For

each subject ach stimulus set contained 80 pairs of letters which were .

divided into two blocks of Lo pairs each ’ Within each block, the number of "

"sam@' and "different"~responses to .be made was equal. For each response

category there were - equal numbers of upper—upper. upper—lower. lower-upper,
and low:r-lower casg comb‘nations. The order of items within each block was

randcmiz°d separately for each subject.

Procedure i

A list of letter pairs  was presented pair by pair by a Kodak Carousal

slide projector onto a-screen in front of the subject. Two letters appeared

on the screen simultaneously and remained on. until the subJect responded by ..

'preSSing one of the two keys mounted on the table in front of him or her. One

- of the keys was labeled SAME while the other was ed\ DIFFERENT. The

subject was instructed to sit. ‘with the index finger of his right hand resting

on the key on his right, and the index finger of his left hand resting .on the

_key on his lefb/ For half of the subjects, the instructicn was to press the

right key for making‘the SAME response and the left key ﬁor the DIFFERENT

respo-se. For the other half. the assignment was reversed In short a

.

positional effect was ruled -out by this balanced design. -
4

A Hunter\Eiectronic digital timer was connected ' to the projector._ AS

soon as a letter peir appsared on the screen, the timer was friggered and ran

* e @ ) . . . I
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' example. A a) or A B, please press the' key that is 1abe1ed DIFFERENT. Pleaeefjf

/ b . { .
until the subJect pressed one of the response keys. 1If the subject failed to
1 .'\
respond within 5. seconds. a new trial/began and the tlmer automa*iCally reset .

I

rﬁto 0000. The experimenter recorded the times requxred “for making a respons

- :

The instructions for the physical identLty nondition were -the followlng.'
"You are going to see a pair of 1etters on the“screen. If you think ‘that two_

letters are totally identical for nxamp‘e. A A, or a a, please press the kwy

1abe1ed SAME. If you think the 1etters are not totally identical 'for &

i T

respond as Quickly as you can but be accurate at the same time. There willfhe/ff

ten practice trials to help familiarize you with the proceduve. and after -

that, ue will start the experiment. Do you have any question’”“

The instructions for the name identity condition were very much the same.;.;

.-‘,«, 4

.- "You are going to see a pair of letters on the screen. . Ir you thxnk they‘;
~refer to the same name, for etample A.a, or a a, please press the key that isﬂf

labeled SAHE. If yoﬁ think they refer to different names, for example, A Bpﬂ:

or a b please press the key which is labeled DIFFERENT. Please respond asﬁﬁ
quickly as you can but be accurate at the saae time. Do you have ,30¥5f

“1'questions°" L : o :=' - /f _ ST S

Subjects were run individually and all the instructions were given in;?

~ ASL.

. Resulég_and Discussion ' ' !

i~

All analyses were carried out on the mean RTs.' Since the error ratE"uasﬂg
/-

'extremely lou (1ess than 21). errors were not included in the analysis. Tﬁefi

results are summarized in Table 1, dhich shows a 2 (PI vs. NI) x 2 (SAME vs..,

DIFFERENT) matrix. The entries in the cells represent RTs, averaged across

subjects as a function of task and . response modc. The data indicate that NI

85




decisions took lOnger than PI decisions and DIFFERENT response took longer
than’SAhE responsesi An analysis of variance for a 2 x 2 factorial design
with repeated measures confirmed the ~ above observations by showing 2
significant-main effect of decision types, F(1,34) = 7.43, P 65,025, ard a

significant main effect of riesp':mﬁ"e type (i.e., SAUE vs. DIFFERENT), F(1,34)

= 30.38, p7 < .01, The interaction .between the two factors was not -

significant F(3,;34) = 09 P >. 10 In general' this pattern of results with

deaf subjects is very similar to that obtained with normal hearing subjects by

t

Posner st”al. (1969) and Hunt, Lunneborg, and Lewis (1975).

Insert Table 1 about here

.

S

Following the arguments advanced by Posner ‘et al ‘(1969) and Hunt et al.

(1975) we méy interpret the longer' NI decision time. as reflecting "an
< - .

additional operation of transforming a visual code into an/abstract code. The

S — -

results of the preeent experiment show that for deaf subjects this letter

[

decoding process requires about 109 msec to accomplish. which is about 33 msec

longer than” the 76 msec’ obtained with the normal University of Hashington

students (Hunt et al., 1975), as depicted in Table 2. A glance at Table 2

reveals that the mean RT for PI decisions in deaf subjects is: 688 msec while”

~that for hearing subjects is only 533 msec: deaf subjects take 155 msec

-

longer than hearing subjects to ‘make a PI decision. Similarly, the mean PT

_ for the NI conditicn is 797 msec for deafl subjects while for hearing subjectsl

the corresponding time is 609 msec. Again. deaf subjects take 188 msec longer

than hearing subjects to make a NI decision. COnsidering that deaf subjects

fhave less experience in reading letters than college students. ‘the slower

’
AN
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i\encoding process observed in--the..former group is to be expected Moreover,;

since transforming letters into an abstract code is an everyday experience for..
normal students .but not for the deaf, there . is also a reason to expect F J—

slowing of the decoding mechénism in the latter group.

o
=~

- o

Y
1

Insert Table 2 about here

)
-

- e

In summary.mthe‘experimental results show (a) RT is a relisble measure

for revealing: mental 0perations in the deaf, (b) deaf subjects are generally

slouer than hearing subjects in both encoding and decoding processes. Hunt .

(1978),.after revieuing many- experimental results from different laboratories. '

"found the decoding time (1. e.._NI—PI)\to be correlated with subjects' verbal

ability. It would be\interesting to see to uhat extent deaf subjects‘ ‘letter .

decoding ability might correlate uith their sentence comprehension ability..

This relationship was examined in the following tuo experiments. A

-~

Exgeriment 2: Sentence Comprehension

‘ The present experiment was concerned with “deaf subjects' reading :

strategies when an array of printed English ‘words was presented sentencee
picture verification paradigm (Clark & Chase, 1972) was employed since the’*

perimental procedure is very simple and sophisticated models are available:j

to account for the data. ' The task’ involved presenting a simple sentence i

h folloued by a picture whose content 'was or was not compatible uith the meaning

of’the sentence. - The subject's task was to verify the sentence by looking at

the content of the picture.' The dependent measure uas the time: required for
the subject to make ' correct verification decision. There were two.

independent variablesu One was the truth Value of the ‘sentence, i.e..ZVhether}

K



' or not the picture ‘depicted. ~Was -described’ correctly by the sentence. and ‘the

subJect ‘made 3 YFS/NO decision accordingly The other was the s/ntactic

structure. of the Sentence. i.e., whether the Sentence uas affirmative o] S
"neaative: _ An orthogonal combination of these two ractors produced four

digferent types of sentences. namely. true affirmatiVe. true negative. false ‘?\'

affirmative, and false_negatiye._ . . ) _ _

According -to Macieod et al. (1978), if the subject adopts a general
linguistic coding strategy (i.e., a-propositional code), the RT data should.
fit Carpenter and Just's (1975) constituent model. Otherwise. ”a' visual-
spatial coding strategy is implicated Since.our proroundly.deaf subjects
'_ yere generally poor in dealing with printed English sentences, we expected

-,

that their performance i' he sentence-picture verification task would exhibit

a Visual—spatial codi' strategy

The sentence "STAR IS ABOVE PLUS" can also be expressed as npLUS IS BELOW

STAR" By presenting sentences in both ways we can examine the effect of
linguistic markedness (Clark 1974) - It has been shown that the two modifiers
.

'i"above" angd "belou" do not have equal linguistic status (Sapir. 1944). The
. former is neutral or unmarked uhile the latter is non-neutral or marked. This
- concept of linguistic markedness can be illustrated uith the unmarked "tall"
| and. the marked "short " Uhen we ask someone THow tall is TQm?". we usually do

not imply anything. However. when ask someone "How short is Tom°". e imply'

e \

that Tom is short and ‘we uant ‘to, know how short Clark and Chase (1972)
'».demonstrated that subjects take longtr to process sentences containing BELOW

~than sentences containing ABOVE., This effect of 1inguistic markedness is

" .
RN

consistently found- in. the . sentence-picture verification paradigm (Carpenter &

s

\.

;Just, 1975; MaCLeod.'etual.._1978). If deaf subjects do not use. a- general

‘s




linguistic coding strategy, however, we would expect no effect of linguistic

markedness.

. hethod v - ]
Subiects S ' S : b_,. o | |
Twenty pré}SEEEiy deaf” hlsh "school- students uhoﬂserved as subjects 1n the L
first experiment also participated dn this experiment. :ffﬁﬁ*ﬁﬂf~“f““‘~*—~m\

Haterials ' , 5 : | o y

The stimuli were the eight sentence-picture pairs shown in Table 3, and
another eight pairs in- uhich only\the wen and ®"#" positions in the picture
were reversed.. Thus. altogether. there uere'16 sentences in one-block. . Every '

subject was tested in 4 blocks of these 16 sentences and the order ‘of sentence‘t

with ‘each block was counterbalanced across subjects. .

Insert Table 3 about -here y .

Procedure

] The sentence»oicture pairs were presented by a Kodak Carousel - slidefi
projector onto a screen placed in front of the subject who was instructed to
read the sentence as long as he needed, up to 5 seconds and to push a- uhite\

button mounted on the table in front of him when he understood the meanins of

the sentence. A digital timer was connected to\the slide projector in such a

; way that it uould start as soon as the sentence appeared on the screen. The¥

"timer Tan until the subJeet pushed the uhite button. 'l'he time .equired forf;

the" subjeet to read the sentence was recorded by the experimenter 8s sentence;

comprehension time. A picture appeared\on the screen immediately after thef

removalyor the“sentence. The subject had been 1nstructed to then make a ye;i

L~
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or no judgment according to the relation between'the“sentence'and the picture.

If the preceding.sentence truly described the content of the picture, a yes

response should be made. Otherwise. a no response should be made. The'"?f

subJect was 1nstructed to. indicate ‘his or her decision by pressing one of the

._mtuo telegraphic keys, mounted beside the white button._with the index finger

_of the writing hand Half~ of- “the- suL jects were asked to press the key on the

right hand* side of. the white button for the yes decision and the key on” the
lEft hand side of the white button- for no decision. The*other half were
instructed to do just'the’oppoSite. The subject was instructed Lo make the
verification decision as quickly ‘as possible. The time required for the

ubject to make a correct aecision was recorded as the sentence»verification

~

_time. xFeedback was given to the %ubject after each trial The subject was'

told that if he or she made a correct response, a Small 1ight in front of him

or her would be 1lit by the exerimenter. All instrgctions were given in ASL by

o

an experimenter "who was highly familiar wit\\\ASL. The subjects were run

-individually. "” N

-.,‘ B \ N .
i
The detailed instruction for this experiment was: FYou are going'to see

a sentence appearing on the screen. You can read the sentence as long .as you

need for up to 5 seconds. When you understand the sentence and are ready for

the picture. please press the white button in front nf you.‘ As soon'as'you

press the.button._the picture will appear. Your task is to, make a judgment as o
to whether or not this sentence is a true description of the.picture. If itt

- is, please press ‘the YES key, if it is not please press the NO key.' After

. .

-

‘'you presB the response key the picture uill disappear, and the next sentence

r

Ir

Wiix appear in 5 seconds. If you make a correct response. the small light in _-.‘“‘

~front of you will go. on as a feedback to you. Please respond as quickly as

. . L : T 2 . : . ’ ek
R . . . . - . -
. R ] - " . . e . B . . S o
Co c ! . B _\. N tw K i
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you can but be accurate at the same time. Do you have any questions""

Results and Discussion -

t -

Before presenting the results of this experiment. one thing should b> f‘

mentioned. when this experiment, was initialiy planned it was thought that. a

simple telesraphic sentence such as "STAR\ IS ABDVE PLUS" would"»be 'eaSi‘lY‘;ﬁ

A ‘comprehended by our ‘high school .deaf students. ) It turned out t.hat this uas

25 ot the case at all. No subject was ablw to comprehend such sentences An less
- .

than five seconds. k Reading English sentences~ is definiteiy a major problem
. \5\ ):-
for these students. Because of the long time meeded to comprehend sentences,

the sentence comprehension time was not 8 sensitive measure, and consequently

-~ 1

it was decided not to. analyze this measure. Therefore, only the results o

verification R‘l‘s were analyzed these results are summarized in Table lt._.

:

A An analysis of vs‘iance for a 2 (AFFIRNATIVE Vs, HEGATIVE) x 2. (TRUE Vs,
- _§ALSE) factorial design with repeated measures was performed or the r
verification RT data. It showed - si_gnificant"‘main.-ei:fect 'of~svntaeti
structure, with the negative sentences requ'iring 1055.;}‘; ver"ifica'tion;,‘Ttin_e
than affirmative sentences?(ﬁg) 8 S. p ( 01. The main effect of trut

value uas also significant with false Sentences requiring longer verificat

times than true sentences. F(1 19) 1‘3'97. p < .01. 'rhere was also

. significant interaction between -the above two factors. F(1 '19) F. 09;\

. - .01, Careful examination of 'rable ll reveals that this interaction 13tba”

L _mainly op the fact that the efrect of syntactic structurc was smaller £

false sentenees.. Postl-hoc analyses uith ‘Iukey's strocedure confirmed t

observation by showing a significant simple etfect\of ayntactic structur :,_ﬁf

-

' thetrue s‘entences (p <..01) but a negligible effect for the i‘alsc sentenc;

LS
-

(p2.10).
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Insert Table #Tabout here

The above pattern ‘of interaction immediately calls intb question the

adequacy of Carpenter and Just's (1975) constituent model as an appropriate’

i

acrount for the data obtained in‘ this experiment. According to the

constituent model the average amount of time required for each sentence type

fshould vary from k units for a. T% sentence to k+1 units for a\FA sentence.nto

’“qt+u units . for a FN sentence. and to k+5¢units for a ™ sentence. In»order for=

such -a linear increasing function to ve “held, the" general trend of the RTs

should at least exhibit the following re1ationship5" TA(EA(FN<TN.‘ Clearly,

the strategy that deaf subjécts adopted for ..such & Sentence—picture
3\ ' '

verifica»ion task is not similar to the general linguistic coding strategy

described in Carpenter and Just' model

N

Carpenter ard Just (1975, Taole Y, 5 7. & 8) revieHed a great rumber of

’

studies and convincingly showed that the linear model effectively captured a

: very large percentage of ‘the variance in reaction time across conditions. The
\ , .

'present data uere tested against their model by two s&ringent criteria. .

; m\

The first test finds the best-fitting ourve for the present data. Figure

/ 1 shows\the four verification RT means arrayed in the order predlc*ed by thej’. -

linearity was Performed and the“statistical test suggested_ no trend for =7

,'sﬁkCarpenter and’ Just (1975) constituent uomparison model. A trend analysis for 7

linearity, F(1 57) = 0.167, However, a further analysis rcvealed a signiricantf.],v}

| quadratic trend F(l 57) = u, 75. P < .05, suggesting that the data might fit

_better with HacLeod et al 's (1978) visual—imagery model then with a gnr'*al

“

1ingu‘atic model

"o . i cooe o




' msec, respectively.

- - ©

:Inseyt Figure 1 aboutehergi' ) o o ' . L

: The seCOnd test looks at the ratio of negation time to fal«ifioation.\f.'

time. According to Clark and Chase (1972)._negation time (NT) refers to the'

extr@ time to process a negative._‘Specifically, BT [(TH+FN) -‘ (TA+FA)]72

Similarly. falsification time (FT) is the extra time required if the core

e R

propositions mismatch. namely. E(TN+FA) (FN+TA)]/2. Theae concepts

bben discussed fully in Catlin and Jones (1976) as’ well RinﬁShoben (1978)

Suffice 1;

and it is unnecesi\ny to dcscribe the mathematical details hene.

to-—say- that for most 5tud1ea reviewed by Carpenter and Just (1975) in which

the sentence precedes the picture. the ratio of negation time to falsirication.

time is about L (Catlin & Jones. 19:5). Follouing the equations given above.

the estimated NT and FT in the present experiment are 1“5 5 msec and 105 5

Ihe retio of-HT to FT is 1 379. nowhere close to the

7

ratio obtained v‘sh normal hearing subjects. )?: : '~3f : i;ﬂg,_

sts enable us to reach the\conclusion hat deaf oubjects
A

rr the sentence—picture

TREL’N« t'u‘O te
indned use a totally dirrerent strategy to perfo

verirication task. Hhat is the nature ot this strategy? The data give twﬁ'

dirferent clues.u First the HI/FT ratio or 1 319 is cioser to uhat has been

obtained ' ia the aentenne—picture\ veri{ication paradism' uhen the picture

’preoedea the sentence. namely about 2 (Catlin 4 Jones. 1976"Shoben. 1978)

“Hence. a- pioture-coding strategy is implioated.: Second the invertedﬂu ourv

dep*cted in Figure i looks very simi‘ﬂr to the pattern obtained by HacLeod e

al, (1978) uith those subjects uhose RT data correlaged highly with their"

ispatial abiiity and less uith their verbal ability. Aaain. s visual—spatial.

BE S - .
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“ﬂ; type of coding strategy is impllcated. Thus, it seems reasonable to propose

oy _—

that deaf subjecto perform the sentence—picture verif;cation task in the

R

following steps,

_‘1. When the sentence is presented ‘they takeall the time they need to :

<

sentence, - _ L “

, 2. They respond that ‘the sentence has been comprehended when they rean
translate the verbal sentence into a visual image.‘

hed - e . i -~

:3.' When the picture appears on the screen, they form a Visual image of

.

-

N
o Ty

Sy, They compare the two image< and make a response.

This visual~spatial strategy (MacLeod et al., 1978) differs from the

general 1inguistic model (Carpenter & Just 1975; Clark ‘& Chase, 19%2) in two

- LA

visual image takes place as the sentence is comprehended rather than as the

, picture is verified | Thusu the. major difficulty of the task is at the

-

form e’Visual imige of it based upon the semantic clues of each word in the

~ major respects. First the protess of transla*ion from a verbal string into _a.

sentence comprenension stage. Second, as the domparison process ‘is to be on'

K

visual imagef. the concept of negation becpmes less important One uould

e!oect to find that the true-false contrast in verification time should be

stronger than the affirmat1V( hegative contrast This- expectatinn :1§Q

L -

consistent with the observed interaction betueen these two factors, due to a

¢

reduced effect of iyntactic structure in false se\tences. ' This finding

provides additiohal

\ .

& . -

- together{ the results of the present experiment sugbest that deaf subjects

adopt a visual~imagery codiag strategy during sentence comprehension.

%

support  for "the conjecture that the factor of syntactic:

l‘_ structure is not~\as hnportaht as the facto{ of - the truth value. Taken -
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"The observation tbat the datz do not fit into & aeneral 1inguistic model
gains further supporf when the effect of linguistic markedness is’ examined

| when ‘the . ABOVE sentences and BELOH sentences were analyzed separately, vthe_.f |

;
!

-xverase; Jerificution RTs were 1323 msec ‘ and 1296 msec. respeet __v\
™ Statist*cal evaluation witi a dependent t showed that \the difference was not

/ significant t(19) J9. “In fa\.t the difference was in the wrong dire~tion.

P EN
y -,

This absence of a suoposedly very robust linguistic ecfect reinforoes the

assertion that the - deaf subjects did not “use a seneral linguistic coding

_4~ : 5

stratesy\ in ’-verifyins-‘f the picture : against preceding ‘ sentencg,,__'j?‘;

Conceivably. one might find a linguistic mark}n{ effect during the !‘irst \tage

s .’\ W

of sentence processing. which was r.ot examined separa*ely by the presnnt ‘

hstudy. \hat has been clai'ned “here is thar the resulting code cannot be.
/ - 4
R lin/suistic in nat\F.\re and that deaf subjects used this non-linguistic code to

:’ ' 4 / ’ ’ “ . -
' T make their verifi/cation decision./ /:’.. L e , :

AL

|

Finally. sihcc "subjects in this experiment also had participated in the

\

'letter-decoding experiment. ,the R‘l‘s of the pre ent experiment (collapsed ove‘;"if"‘r

.
—

sentence type.-.) were/ correlated to the. 1etter-decoding times (i. e..: NI—PI)'—»

J-f,.; _ obtained. in Experimenta 1. ‘I.xe resulfing correlation coef“icient uas a:f-

nonsignificant 13. Apparently. performance in the letter decoding task does’"é'

-~ ;not predict performance in reading sentences.' even thougx. each sentence is

. [
y -

" composed of many letters. TwWo different processes are implicated and uecwilL

a r

,discuss these processes turther after we examine the results of thé next

- -‘.exp'eriment'. e Ty
| ‘ /‘:.\" o »

W

| Experiment 3: Comprehensicn of gned Sentences

L The results from the last exper.ment show. that deaf subjects. unlike”
) , -

' ‘hearing subJects. do not use a linguistic code to verify a pic.ure against a
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preViously read English sentence._ Instead they seen to translate the printed

sentence into a visual—imagery code and then make their verification decision =~ —
\\ . - i - .
based upon such code. There are at least two possible explanations. rirst:

-, -
~— e
\ W

it is possxble that the visual imagery ccding strategy is the general strategy

-~ i
that deaf subjects use. to process external information. be it verbal or non-

T /

verbal This explanation assumes that deaf subjects generally do not

T represent information in a linguistic or proposﬂtionalvionmat. Second,. deaf - '*er
~— subjects may not‘use a linguistic coding strategy in this task because of
T / C

' ftheir inability to procesé Enslish efficiently:“*This"explanation assumes~thatﬁ. o

P -

¢ j
) deaf subjects are. capable of. a general inguistic coding strate y but because

of their- inefficienc‘ ‘in reacing printed English prefer to adopt > v1sual-

imagery coding strategy in the picture verification paradiam."

A The key question differentiating the above two explanations is whether or
Z‘not a lingutstic eoding stratesy uill be used by deaf subjects uhen the—task |

is 1ess demanding.w, The present experiment; uas conducted to ansuer this

question. \In this*experiment. a modified sehtence-picture paradigm was used.
K

lInstead of presenting the sentence in printed form. each - sentence in this

- -

oo »

' experiment was signed uord by word by an ASL signer. Upon the compl;}ion'of : L
. 7- :
“the sign=d sentence. the picture appeared on the screen. Since . a 1 the

’subfects were highly familiar with ASL signL pnd ﬁhe sentences were simple in T

——

structure° it was expected that such sisued sentences_would be easier for them

i -

,to conprehend. This expectation was - confi-med It was f‘and that subjects

- showed no difxiculty in comprehending such\sentences. The target sentencesw~*'

AL
(}:‘ and the experimental manipulations ‘in this experiment were the same as those
q . ~ \ o - . -

of. ‘the 1ast expcriment.~ Comparisons of esults obtained in " these two .

Awexperiments should Vield important information about the coding strategies of

/ .o B L . : e




-~ Zdeaf subjects under various conditions.,

. o
-~ T
. . o

. \ o Method
subjects ' A ' : B
T Fifteen profoundly deaf high school - students who .participated in

Experiment 1 but not in Experiment 2 were recruited again to serve as subgects, ‘:;;
“in the present experiment. _ : o ‘#\ :

: Haterials and Procedure ' o .

The materials and procedure in this experiment were’ the same as in

Experiment 2 except Lhat the sentences were presented by an ASL signer signing1

the sentence‘word by word (i.e., each sign corresponding to each English word

-and order)‘*to**thersubject.muAgainretheedependent_measune was - the sentencef:

verification time. ' ‘ L ,' ) N : s o, o S

B .i . _3 ‘ Results and Discussion- , ﬁ - g

In contrast to the last experiment uhere subjects showed great difficulty )
1]
in reading printed English sentences. subjects in the present experiment;,

a

conprehended the signed sentence with ease. Mo r subjects uere ready tc press

the uhite button to signal the comprehension of the presented sentence almostm;

as soon. as the last uord in the /sentence was sign-d. The ease of sign

~ e

' perception supports the contention that signing is a natural and familiar

o

L . ( o Lo . .'._ .
. communication tool for these subJeets. e ' o S

e ‘- ‘l‘{‘ Results of verification RTs uith respect to'the two independenc'bariable*
. : v <
- ore summs'lzed in Tahle 5 A 2 fAffirmative vs. Negative) x 2 (True vs.

~

M,M_False) ANOVA similar to tne one used_in Experiment 2 was oerformed on “the raw'

T“fin_aojl “RT data. It revealed a significant main effc*t ‘of Truth Value.ﬁ (1 1u) =
11. 71. p < 01. and a significant main effect of synt ctic structure. F(1 1“)'

:;:, = 13 06. p < 01. There was also a significant int action between the above

- — o P . .
B P \ -7 v‘:/ e -




iR .

two f‘actors ‘F(1,14) = 6. 47, p € '.05. In general the pattern of‘ results from
b

the present eXperiment is similar to that of‘ Experiment 2. However, a caref‘ul'
examination of Table y and 5 reveals the follovging diff'erences' __,' '

2 ~.

f 2

-~

' Insert Table 5 about here

'/ :

1. h’hereas Table u shows a greater ef‘f‘ect of truth value than of‘

syntactive structure. 'l‘able ‘5 shows a greater effect of syntactic structure ’

" ‘ b

: than of truth value (263 5 msec vs. 109 5 msec)

"
¢ 2 \

2. Hhereas the interaction et‘i‘ect of ‘l‘able u is. accounted for by the

3

disappearance of/ ‘.,yntactic ef'fect in ralse sentences. the interaction of - \\'

Table 5 seems to result f‘rom the disappe,arance of .a truth value ef‘f‘ect in
negative sentences. In f‘act. post-hoc anal—yses with Tukey s HSD. procedure

showed that the simple effect of‘ negation was significant in both true and

-~

f‘alse sentences . U R S u" : e

.____._—————-————--"-‘ I o l . -
‘raken together. the pattern suggests a/very strong eff'ect of sentence'

structure. ‘l‘his result alone points to the possibility of a linguistic code T

i

in comprehending ASL sentences. The data may be tested against -a general'j'-""—:
linguistie model under the criteria set up in the last experiment. ‘l‘o begin

with the f‘our verif‘ cation R‘I‘ means uere plotted in Figure 2 in the order

'rend anal,sis was applied to search tor a curve with the best goodness-of-

ol predicted by Carpenter and Just's (1975) constituent comparison model and aj,
o :

l

|

|

: f‘it. ' ‘l'he results shoued a very stv*ong linear trend F(1 1&2) s 30. p\ .01. ‘

- ?.’.j uhich accounted f‘or 8141 of‘ the variance. The trend analysis also showed that,._

'xdeparture t‘rom linearity uas not statistically signif‘icant F(z uz) s 2 9. p > .

‘l‘hus. the results of the present experiment with signed sentencer were




f conoiotent-with‘a:generalrlinsuistic model (Carpenter & Just, 1975; Cetlinq&=

' Jones, 1676; Clark & Chase, )972). - _ -
: “ . : . s oS
- ’ . R ’ ) . : ' /,/,,'f
- Insert Figure 2 about here S S
. Next the reduced effect of ‘the true-false factor plus the enhanced;
i effect of negation suggests a very different ratio of negation tp
- falsification time as compared to that obtained in the last experiment
Follouing the equations described in Experiment 2. the neaation time and the
falsification time came out to be 263 S msec and 79 5 msec, respectively.: Th

' resulting NT/FT ratio is 3. 31&. very close to theﬁratio of 4 predicted b;ta

-~

C linguistic’coding model (Carpenter & Just 1975. Catlin & Jones. 1976' Shoben

1978) . ! ;':._‘ ' . C “» e

’ . . .
. . A
SV

s But uhat of the other linsuistic effect. that- of markedness’ Teble‘ﬁ

displays the relevant data. As the figures in the second rou indicate. the

' "below" aentences.:A

Inocrt-Tatlefoicbout here
Putting all these piqces cf evidence together. e can concludeﬂthat th
PR — ey e e T T SN
/i . code upqn uhich subjects based-their_verificqtion;deciaions-in this‘oxperi
_ o ' hariabt P et /,k,hk O

is linauistic in nature.' It shows particular censitivity to the syntach

. fuctor as uell as to the effect of linguistic markedness. ‘

“,_' Loalee




‘ \subjects do have/the linsuistie coding strategy at- the1r disposal. but they'
\ smply do not spontaneously apply it to a reading task - The absence of a

linguistie eoding stratesy uhen sentenees are presented in print. suggests that

deaf subjects_may treat reading not ‘as ‘a linguistio aetivity ‘but rather as a

'F-seneral problem-solving task Hence. based upon the task demand (in ‘this
case, picture verii‘ication). they sdopt a visual-imagery strategy which seems
i

to meet “the : demand.. ‘me inverted U in Figure 1 and—the ‘low. NT/FT ratio .

observed in Experiment 2 give - stro13 evidence for a visual-imasery code'
(MagLeod, et al.. 19]8).' ‘Whether this explanation is co_rrect r,-emains to be

- tested:--in—-li‘urther"studies.‘

' Finally, the correlation between the verification R‘rs (collapsed over

‘~-‘_sentence types) in the present experiment and the letter-deeoding RTs in the

T first experiment “Was also“calculated—*“'rhe resulting correlation coefficient
is .52 which is signii‘icant at he 05 level with an njo” only 15 ‘This means'_ o
" that the mechanistic process involved in the letter deeoding task shares some

. / e
_ common property uith the decoding of signs in/the eomprehension of signed .

- - e g B
¥ R - :

Covsemences. T

-

General Discussion »

<.

It has been consistently reported that deaf‘ children have severe readingj’

-~

" -proulems. The present otudy considered this problem from an ini‘ormation.."
proeessing viewpoint Using chronometric (a'r) procedures. three experiments

;h'were conducted to examine various eoding strategies that may be used brdeaf-

‘.'L;...v_..subjects in dii‘ijerent linguistic activities., ‘l‘he rationale behind these-,r -

' "experiments is that. by discovering the similarities and dif‘i‘erences in coding

/’I

stratesies between deaf and hearing subjects in various information processma )

itasks.*we _may be able to identify the basic reasons tor deaf children's_ )

. » . - J

R




subjects do have the linguxstic coding strategy at their disposal. but they

simply do not spontaneously apply it to a reading task The absence of a -

\

' lmguistic coding strategy when sentences are presented in print suggests that

: deaf subJects -nay treat reading not ..s a linguistic activity but rather as a

: general problem-solving task. Hence. based upon the task demand (in this'

o o

. case. picture verification) ' they adopt a visual-imagery strategy which seenms

to meet . the demand. ‘l‘he inverted ] in Figure 1 and the low NT/FT ratio'

&

s .

ob..erved in Experiment 2 give strong ev:Ldence for a visual-imagery code"

(\1acl..eod. ct al.. 1978). : Hhether this explanation is correct remains to be"

- tested in further studies . T .

Finally. the correlation between the verification RTs (collapsed over

sentence types) in. the present experlment and the letter-decoding R‘rs in the'

}‘irst experiment uas alsc calculated ‘ The resulting cerrelation coefficient

g

N
that the mechanistic process involved in the letter decoding task shares some

. \ gs .52 which is significant at ibe .05 level with an n_,of only 15 ‘rhis means'

= ¢

sentences,

R o ‘ General Discussion

It has been consistently reported that deaf children have severe reading

'- processing viewpoint. Using chrorﬁamett ic (a'r) procedures. three experiments

..aere conducted to examine various coding strategies that _may be used by deaf

T

. subjects in different linguistic activities._' ‘l'he rationale behind these
';f"experimehts is that. by discoverirg the similarities and differences in coding,_' o

strategies betueen deaf and hearing subjects in various information processing

"tasks.' we -~xay be able to identify the.ﬂbasic reasons for deaf children s

’ .

common property uith the decoding of signs in the comprehension of signed

;
- problems.e,, The present study considered this problem from ‘an information'.
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: effect of linguistiec markednegs. " "%f'g

Finally. letter decoding times correlate significantly w*th verification

times for_signed se'-tences but not uith -'erification .mes for printed_

T sentence_s. Two independent processes are implicated for letter decoding and.'
for reading in deaf subjec_ts. S .

These results reveal a cogent point that should ‘be~a 1esson to
investigators of reading. Presenting a printed sentence to subwects and
asking them to "read" it does not necessarily mean that the resuiting code
must be in linguistic in nature.‘ The cata suggest that under different

' presenting modes deaf subjects employ different coding strateaies to py ocess"'."‘
'sentences. In fact. their readins behavior exhibits a° pattern which is

" consistent with that of deaf subJects in other readins tasks reported in the -
‘1iterature. ‘fhey ten: to engage more in a means-end analysis which emphasizes
“the identification of uordi in the stimulus s.ntence (Liben. Nowell 1&

| Posnansky. 1978. Quisley, Hilbur Power, Montaneni, & Steinkamp. 1976 Siple..:‘ A
‘Fischer & Bellugi, 1977) | This type of problem-solving strategy is besQ

: exemplified by the results of Experiment 2 where a pattern of verification Rl‘s,.;.
_shous that subjects' sentence processins is guided by ‘the . subsequent picture.;.
instead of vice versa.r Such a problem—solving stratesy requires conscious,'

: manipulation of information in active memory and appears fo demand a.tention_.,f"-.’_‘l
l(Posner ’& Snyder, 1975) ' On the other hand. a highly overlearned decodins-“

- :process such ss sign precep.ion appears ) to; require‘ relatively 1itt1e

'attention... In Experiment 3, the aentence was cxpressed in ASL morphemes uhich‘.‘-”m;

/ Y

,were presumably hizhly f::.iliar items° thus. word identification was automati'{ ,

/" ‘and attention could be diverted toward other aspects (e.g.,' the syntactic.,*?i"u

-structure) of the sentence. This - distinction betueen the two kinds,of“.“’:"

~ ,\ -

FRE




. erfect of linguistie markedness.‘5 : ‘ g/ﬁ-

P

Finally. ]etter decoding times co[“egate significantly uith veririeation

times for signed Bentences but not/ with verification times for printeo

'sentenees. Tuo independeﬁt proeesses are implicated for letter decoding and

; -

- for reading in deaf subjeets. ; f"\ o 7 z -

=These"results 'reveel'*aj cogent point that should te? a lesson to

.v_inves*izstors ‘of reading. Presenting a printed sentenee to subjects and

askina them to nread" it does not necessarily mean that the resulting eode
/ o

must be in linguistio in nature. " The data suggest that under different
presentins mades deaf.subjects employ different roding strategies to proeess
sentenees. f In faet. their reading behavior ‘exhibits a pattern which is
,eonsistent-with that of deaf subjeets in other readins tasks reported. in, the
literature.\ They tend to engage more in a means-end analysis\uhieh emphasizes

ythe identifieation of uords in the stimulus sentence (Liben, Nouell .e

Posnansky. 1978. Quisley. Hilhur Power. Montanelli. & Steinkamp. 1976‘ Siple.hr__

"‘Fiseher & Bellugi., 1977) This type of- problem-solving stratesy is best o

exemplified by the results of Experiment 2 uhere a pattern of verifieatiLn RTs"

'shous that subjects' sentence processing 1* suided by the subsequent pieture. fi

,instead of viee versa.‘ Sueh a problem-solving strategy requires conseious'"

\\{ .

’{»manipulation of information in active memory end eppears to demk1d attentioni S

;J (Posner & Snyder.‘1975) | On theiother hmnd 1a highly Overlearned decoding;ff%
.,‘proeess sueh ss sign preception eppears ‘to require relatively 'little;jl7
"'artention;, In Experiment 3. the sentence was expressed in ASL morphemes whieh;yij
'twere presumably hixhly fnmiliar items. thus.~uord identificetion was automatic%

and . nttention could be diverted touard other aspects (e.g\. the syntaetieil k

' strueture% f the sentenee. » This distinction betueen, the: tuo”,kindsr o§/¢:.




\ C _feeling of the orthographic and syntactic structuré of I-:ng1 ish writing, they

.

will have: difficulty in deciphering the arapheme—meaning relationship 'Ih‘e_
inability “to ‘achiove automaticity in decoding the graphemic-meaning "

‘~._relationship is a common phenomenon observed in second-languag 1° *ning'»j

! T

(Dornic. 1979) Such a second language nypothesis is consistent with the_;
N .

\

hypothesis of other researchers (Charrow & Fletche" 9714 Stokoe. 1975) that

prelingual deaf children learn English as a second language.

,,’.1.'(‘,;‘.1 3

Hhen deaf ubjects start to learn to read English they are confronting a

A ! —c .\\ .

. totally n‘ew set —of nguistic rules. th only is the language itself a

\

. different one. but al v the alphabetic principle embedded in the printed array

\

is a rather \peculiar,one. ' It has - been shom that the grapheme—meaning

: relationship in \English script is morphophonenic in nature and requires a’ high

L. -
level of linguistic awa?'eness for its. mastery (Gleitman & Rozin. 1977). Even

/

.xor a normal hearin\g child. such an abstract relationship is difficult to -

'assimilate.,' But. in\\addition. deaf/ ch.ldren ‘do not have the p olcgical

’// \ . - ~

repertoire upon which E\nslish orthoaraphy is based. It“’is not d ficult to.-—- :

e

appreciate deaf children \s tremendous difficulty in learning to read Enslish. o
o T If we - accept the conceptualization that learning to _read Er-slish is a -
o /' e
- \novel exper:.ence for deaf children. then it may be expected that many of their

S : reading problems should parallel those of’ the bi ingual uith his less

_\,\,L‘ L

i
|

-‘,.co'npetent lar.auage. : For exan.ple.~ as in th‘:-eresuits of Experiment 1.

bilingual subject is usually slouer in encoding a‘\d decoding his subo{dinate

\

' lanauage. Dornic (1979). after reviewing mo\t of the bilingual processing
‘liter\ature in a variety of - language combinations such as s\vedish-English ’
E »Suedish-cerman French—Enalish CZech-German. Finnish-Suedish English-cerman.

, L =
'etc.. concludes that for some reason a bilingual subject is unable to applyhf.f

e




the/ automatic encoding and decoc'.ing proces.:es he has already developed for his_n_'-;;,f

dominant lsnguage to the reading of h s less competent language. From the‘i._;v:;:""
—~ ’results of the present three experiments, it is clear that deaf‘ subjer-ts are:‘f‘
o unable to apply their existing linguistic codins strategies and their"‘

automatic decoding skins to comprehend a printed Eng‘ 1sh sentence. v
- l ' In conclusion based upon resufts of the present three experiments apd of; .
other studhs on deaf chndren's rcading ability. it is clear that deaf:_:
____,_—children‘:Ladeed have great difficulty 1n reading Er.,:.ish., : Several majo_r;:'i
learnins difficulti.es can. be 1denti£‘ied.' | T ': L
First the srapheme-meanins relationship that characterizes thef Enga.lsh;‘;_.f

alphabetic script 1s morphophonemic 1n nature., It 13 difficult for )deaf"_‘f_

subjects. who are used to the morpheme-*.wsed representation of ASL signs.;toiy-"f

e

I grasp such a. morphophone uic represmentation.- Even a normal hearms ¢h11d m“-"t;f’

be. able to teke advantage of t‘1e orthoar phic regulcrities 1n the printed“'
: ,f

arrays in order ‘to become Fy goo reader (Massaro. 1975).* Gihson Shurcliff.:l;

and Yon s (19 0) have demonstra ed that deaf children are alsc sensitive \to"l"‘

‘ .
\

the orthosraphic regularities f- English wcrds 1n their read ng performance .

Uy

s<nce ‘deaf children do. n:t have the phonological structure upor. which

- ort.hographic regularities are buxlt. the question of ho*.c to:helrh
acquire the \higher lcvel of linguistic swareness toward the .';Engli‘.s 8

Y L shot.ld be a cmn%nge for further research. B Current research onthe

relationship .between meta—cognitive ebinty :-nd r-ading performance (Flaven &

Hellmanr 1977) should yield important 1nformation to help us meet that

challenge. e

.\ .

Second laek o‘f linguistic awareness touard English prev ents : deaf
, ST :
subjects from doveloping automticity in- 1etter decoding and ucrd reeognition.




In consequence. they do not apply their existing linguistic coding strctegy to
process Ehglish Thus, it is not the eye which is not adapted to linguistlc

inrarmation. rather. it is a problem of dealing uith a novel orthography

. R < Y
' uithout appropriate 1 nguistic skills, Since deaf subJects do not process

printed sentences in a linguistic code._ they concentrate on lower-level

7"“”"attention;f~ﬁence 'little—capacity is left for-highor comprehension processes.1§m~v¥
P SR R

Such a problem—solving strategy is also very much task dependent.r There.ore

manv of the inconsxstent reports with respect to deaf subjects' reading
,~ strategies may be resolved by task analysxs '.f“ , .'- oo @ o T

Finally and not unrelated to fhe 1ast point. the concept of automaticity
in - readins implies.;7 hierarc ical- system. of semantic.' syntactic, 1396;
———————pe:ceptual_contnols<_MHithin the jystem.,the reader canemcxe_fcom.one_le!el_to
S ,another.e The purpose of instruction is then to practice at the lower levels ;'\

until they function automatically.i

'Xhus deaf\children car use “the method of

' repeated reading 07 a- story to- progress at each reading from (1) identifying

‘printed uords to (2) getting the meaning of the uords to (3)’comprehending the1\.~~

I

| ‘story. ;;his method *s simply to have deaf children do uhat some good readers
, \ )

"f-a

T

S did as’ beginners._' read and rerend the same story' many times until they
\

- " -
_ .Aachieved automatio probessing of grds so that they could foous attention on ey
: ' e I . \ T b ,in ,:.7-: T

. comprehensxon. Alternatively. we can have deaf children read materials uhich

‘are interesting but repetitious. particularly in vocabula#y (ﬁinger. 1976).

KAccording to Singer- (1976). automatic recognition of words., particularly : :h
- . . . ‘ A : E": . R
. function words (conjunctions. and prepositions which tie tqsether the content

words such as nouns, adjentives.f Verbs. and adverbs). is most likely to .Q,'

de\(elop fl'O!!'I repeated reading‘ from re&dins series bOOkS. OP from 8 1arge

L v 4 e o
.. T S : .o PN (R S ) - IO T ’ - 0T s ' . R
.




amount ci reading of relatzvely eas; booksa, Once the mnchan;sticgprocesse o

louer level processing become automat;c.vdeat ch11dren'may be able to pay ‘more:

attent101 to. higher-level; g Juch as creat;ng a coherent p*opositienal

«) )'

base from a given text and Paki
. ) / o _. . o . 3 . . o : \x-l .

processin

d& inferences beyond the 1nformation given'b
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- Mean RTs (milliseccnds) fbr'Nf'and‘Bl'cohdi;idns across same-difference

responses in Experiment 1 . ! ) ¢

- . " Response

Eg:'iNI.Condition o ;{Megq3:’
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.

' Mean RTs in NIiand PI conditions for deaf‘éﬁbjebts 15_Exbe§iment 1~aS"; ', ‘
‘compared to mean RTs for normal hearing subjects in the same conditions@ -
- : (I

BN

, SubJects ol - NI Condition - PL cond1t1on_ NI-PT

Deaf . . 7 . 68 109

o Net RT difference .o188 . o 1SS L 330w

~—~

' @'béta.f@r‘héaring;subjeétsfﬁeré”¢911é;ted by Hunt et al. (1975). '
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The sentence-pictu:e stimulns pairs as/a function of trinl type,

L Lo
- R ) / .

'»hypochetical representation, and number of. constituent cumparisons

Trial . . / SENTENCE . PICTURE .
| _ smrzncz . ncmn TEN:
_Type . TRV REPRESENTATION. | REPRESENTATION Govs ot oy

A ,‘smz 1S ABOVE PLUS / [Mp(m,_g,,-mp)],

~(sm;§,‘roz) :

'PLUS IS BELOW STAR o
' »--]rmsxsmovzsrm A U T
~FA . sTaR 15 ‘BELOW PLUS /4 ~IATR(PLUS,TOP)] . *.. (STAR,TOR)
- pys’1s NOT ABOVE STAR * S
N . STAR 15 NOLBELOW PLUS + [NEG{AFF (PLUS,TOP))] (STAR,TOP)

: YR o o T ’ Lo ,
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e . . =" " TABLE 4 :
Mean veriflcac:.on R'rs as a function: of trial type for~ 20 subJects
) in Experimenc 2 ‘
N _Response’ N Affimative : Negaci r2 Mean RT .
" True . . 1072 ST 1323 . © 1197 .
v e - . ape "t \“- - . T, . : ) o

. Fase néé o435 . a4

T

. Mean RT = ¢ 1233 . < 1379 1306

Aruitoxt provided by Eic:
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- - ‘Mean Qerifiicﬁlon RTs as _a function of trial type sentence 'for_: A5 A
-, subjects in Experiment 3 o : . ’ T T Co
. ) B . . ) . » R 'S N . .
| ; Re:sqxapg,sg_"_‘_',.” ‘Affirmative Negative  Mean RT
" True - .. '1066.8 e 3409.6 - - 1238.2 e
/ . False 1255. 467 ©2439.8 1347637 . v
o i . . : ¢ oy . - Lo o B

L Mean RT . - 161113 . 14247 va -.1292.96

- . .
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Hean Rl's for linguisticly narked propos:.tion “BET.O'J" and- unma.r:ked
proposition "ABOVE" actossing t:wo exper:men.al nan:.pula:ions@/
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. i Lo . [ . B X . - s E -
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3
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Sigmed seatence PR 1242+75" "

@ In Experincn: 2 the sentence 4s ptesen:ed by prin:ed English vords.,
'In Experiment 3, the same sentence is presented by ASL wi.:h eacn e
S sdgn corresponding to each Bnglish vord. B e ’
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In the past experiemenhs u1th words presented in the fornat of mxx1ngz

| upper- a"d lower-rase letters haS‘Se
vxsual read1ng,7_
,conceptua11zat1 h behlnd gthese experxments., Two new expe ments werel

f_ha _1ess'ski11ea readers 1n fact sufferea Amore _tha




-

amin ‘1atency7and the speed for malxng a 1ex1ca1 dECision
r1eij,presented uord are h1gh1y corrn1ated u1th read1ng'
'1979 Frcder1ksen, 1978), 1t is natura1 tbatxfk
: 1n read1ng research has been the attempt to-_‘. e
| s,between good and 1ess sk1]1ed readers with respect:difii'

to: their ab1l1ty;t: decode a pr1nted word.} It 1s expected that mode1s of]{ar}

V.,e ead1ng“process shou1d be ab1e to account for the d1fference 1n the”?; -

'irecogn1tton ab111ty between good and 1ess sk111ed readers.

,Preoccup1ed W1th the concepts of speed and eff1c1°ncy, many read1ng;»':"

fmodeish;of(dinformation‘ process1ng postu1ate af least tuo d1fferent-;ff;‘i

3path:4ys ]inking the prm.ied array and 1ts 1ex1ca1 entry. _ 0ne suchlf-iiff
:yts phono1oc1ca] and requ1res a process of grapheme-phoneme“

B %»f;conv -s1on ca11ed Speech rec7d1ng The other\ pathway represents a_;ﬁ

akg,}f. vfsua1 route , and-‘1mp11c1t in the concept of the visua1 route is the'f

‘ Vnotion’that some sort o£.1nterna1 v1sua1 representat1on med*ates between'~*3?§

‘ 'word s ?printedA form and 1ts semant1c representat1on (McCusker, o

"niél) It 1s further assumed that the v1sua1 and the;;jd;f

§n most cases proceed 1n para11e1 but that the{uf

hn;phono1og1ca1vypathways
former Lfa11y reaches theL exica1 entry much faster than the 1atter#;r§,

,'*:fand more acceptance (HcCusker et a]., 1981) It 1s t1me ‘to. exan1ne 1ts»r;jj

from exper1ments ‘ concerr1ng word;

‘ }t,expla1n the speed d1fferenre betweenﬁ;;;f

“ ski11ed readers? Accord1ng to th1s'mode1 the phono1og1ca1:?§3s

ay,be 1mport t for the 1ess sk111ed readers, but/the increasesfﬂ

d;good readers m1ght we11 ref1ect a ‘bypass ;of'




CTTee - \ : "L : i' - ; )
' phono]ogical recoding in favor of v15ua11y mQﬁIatLd access. The reason

S

:"Spec1fica11y, vith increased practico, the ;ize.,of the pool of

Lk 1°ua11y accessible lexical entries wou]d increase, with a concomitant:

o

'increase in reading Speed." (bcCusker et al., 1981, P 235) Second, how
. o does it account for the speed difference 1n the recognition of high and
low frequency words? “The mode] assumes tne existence of a poo] of high-'
frequency uords that may. be accessed rapid]y v1a a vasLal representation;
all other words hav1ng no such vmsual representation, would by defaulria
be accessed by the sTower\ phonological recoding .procedure. On the

surface, these accounts seem to handle the data beautifully and with :

e T P ‘ \

- " compact ]ogic. A moment s refiection however, suggests otheruise.”

- !

As mentioned above, the 1d°a of bypasSing a phono]ogical pathway has

been entertained by many \reading models, 1nc1ud1ng the current]y most

popular dual-access mode]. } Irherent 1n all these models s }the3:°

Id

assumption - that some Visual configuration' information prov1des an

L

alternative route for the good readers to go directly from print to the"b
~——\\ R w

llexical entry._. Hhat 1s the'"nature of such v1sua1 configurationfi

S r

information° Some theorists characterize 1t as nulti let*er v1sua1 o

features such ‘as word snapes (Fisher. 1975 PLmeihart & Siple. 1972) orff

some types of familiw;iletter groups thataare critical for whole word7fi

recognition without their cons 1tuent letters being 1dent1fied (Baron &qfi
Strawson. 1976 Bauer & Stanovich 1980) To demonstrate the existence}v

?

A Of “such v1suq, conf1gu"ation information, these inveshgators have*f

enployed the technique of presenting words arranged 1n a]ternating upper-fg

o and lower-case letter combinatiris.; The puroose of mixing cases 1s toff*

. prevent readers from extracting the overaTl v1sua1 confﬁgurationf;{

information that 1s critica1 for whole word recognition. Results frqnff.

. : ’ .
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: ;1most such studies, except tﬁose by Smith and h1s assoczates (Sm1th, 1969
fF-Sm1th Lott A Cronne11 1969) have supported the ava11ab111ty f the
,v1sua1 conf1gurat1on 1nformat1on by show1ng a 1arge 1mpa1rment of vord E —
' §recogn1t1on in, m1xed case exper1ments (Co1theart & Freeman9 1974, .
Drevmowski & Hea1y. 1977 'hason, 1978; ¥cClelland, 1976). el
Hh11e the experwmenta] ev1dence for the v1sua1 .’bonfiguration
'v1nformatJon 15 unden1ab1v conv1nc1ng. the proposaJ that such 1nformat1on
is ava11ab1e on1y for mature and good readers and on1y 1n h1gh frequency
_ words has not been emp1r1ca1.y ver1f1ed It has been taken for granted
' fthat tﬁe eff1c1ency of such word 1eve1 v1sua1 conf1gurat1on A1nformat1on
15 above and beyond the phono1og1ca1 pathway and 1s on1y a pr1v11ege of 7v11}
'the good readers.__In fact, there are. exper1menta1 resu1ts wh1ch are at |
£ 2 odds w1th such aAconceptua11zat10n.l we can a1so ra1se counter—argunents
'_‘aga1nst th1s conceptua11zat1on based upon the gdata from beg1nn1ng
T h:readers. For examp1e. Sh1mron and Navon (1982) found that both ch11dren ,ﬁh_;;
: -f«and adu1ts were unab1e to res1st grapheme-to-phoneme trans1at1on. that lrfff
'{;‘ ' >_>:lboth ch11dren and adu]ts benef1ttca from redundant 1nformat1on 1n;the1r
R rmaJ read1ng. and that ch11dren but not adu1ts were sens1t1ve to m1nor
| %Z‘hchanges 1n graphemes which st111 preserved phoncme values.. Thus, the :itﬁh
;;f ”;f~3:3argument that on1gggood readers are sensitive to the visua1 pathway'
- . ffcerta1n1y w1thout much experimenta1 support. But let us f\rst take a
1opk af resu1ts from exper1ments whach dlrect1y man1pu1ated the goodness 7i"

*Efja"of the pr1nted arrays. .‘

Suppose that good and 1ess skil1ed readers are presented with uords

x'f f a]ternating'cases what re<u1ts shou]d be expected‘from the viewpo1nt

of a dua1

-access_model’ Thejuredict1on seems to be strafgh’forward.‘*3 ‘

~.~;—typ1ca1¢




R

-mixed case serves to destroy any overaTT VisuaT featurcs ae word *may‘
‘possess one could expect highTy skiTTed readers to. bD more distrupted byef
.meed case than Tess skiiied readers, if highTy skiiied readers recognize":-vl
;~.words as whoTes) uhereas Tess skiTTed readers process ind1v1dua1 ;;
; Tetters." (p 569) Hason ran a study to test thTS hypothes=s but the?hr
' resu]ts .seemed to suggest the opposite It was the less skiiled readersf;_
~who were the most disadvantaged w1th mixed cases. Confronted g{ ;Lch\\\
‘resuTts. Mason had to concTude that Tess skiTled readers were ast USTng

v1sua1 configuration cUes but such information was-a poor f

o Jfaccurate word recognition. The resuTts and the inev1tab1e concT'Sion ih

ivMason S experiment present two important anomaiies to the duaf-access
ﬂ‘.xmodeT mentioned above.. First the visuaT configuration information 1s
w‘ not a priViTege of the good readers. Second, 1t TS not a strong cue for
| word recognitiun. uhat, then, 1s wrong with our conceptualization about |
-baSic reading processesb ’ " T | . f

There TS an aTternative interpretation for Mason S. resuTts but that

finterpretation requires a different conceptuaiizatnon;of how various cues

'Acare puf together to accomplish the recognition tash.jﬂ 3 Tet us

vapostpone fthis description untiT we are,sure about tle repTicabiTitylof?E

-u;,Mason s resuTts., There were onTy 12 good’readers and 12 Tess skiTTed;;

Foeoen



fText some 400 freshmen wore adm1n1stered the STEP 11 Readxng Test t

o and Tow frequency words were matched for concreteness (mean = 6 1), word

B fmounted on slides., For words presented in m1xed cases, the Ietteri

ecomb1nat1ons always started wtth lower case and then ‘aIternated betweeng_;“‘-""ﬁf‘"»-'-"E

“.'Lafayette tach1stoscope shutter, and a Lafayette d1gita1 clock..‘The.-f:

resu]ts, 1f rep11cated, uou]d rEqu1re an alternatlve concnptua1ization;'f

E_xemnﬁ'ﬁl"

Method

Sub;ects. U1th the help of the Study Cnnter at the Un1vers1ty of‘

"Ca11forn1a, R1ver51de, and of the Systemw1se PrOJect of Learn1ng from ,'_”

_designed for use at the college 1eve1., From these 490 students, 21 good

| readers and 21 less skw]led readers were se]ected based upon the1r tes*fj o

scores.“ The good readers vere. sc]ected from those uho scored above the

3 90th percent1]e whereas the less sk111ed readers were se]ected from those f€

FV_-scoring be]ow the 40th percent11e. These subJects were pa1d for the1r

A
part1c1pat1on 1n the study.-

Mater1als and Apparatus. Hords used in th1s study"were~‘se1ected‘,'-3

ffrom the/ norms of Pav1o,' Yu111e, \and Mad1gan (1968) F\fty h1gh-’7

l

: frequency (A or AA) and 50 low-frequency (0- 5) words vere se]ected with

the/ fo]]ow1ng constra1nts (a) Homophones were exc]uded and (b) h1gh»:’

/'length (mean = 6 6), and number of syﬂ]ables (mean = 2 1) A 1ower—case;f'

' : and a m1xed case version of each word were typed on. Mylar p]astic and 3:ffi:5

B Ilu

.upPer-, and lower-case. ‘ The words were presented one at a t1me V1a a~1"" )

_Kodak Caroueel s]ide pro;ector.‘ A d1rectiona1 m1crophone and a noise-nzﬁ

operated Hunter relay ind1cator, w1th sens1t1vity set at the max1mum ¢:3;3¢

:;possible were used in conaunction w1th the Prcaector equipped with a i.f .



. o . . . »' & ‘,/ oo . . - 4..,“;‘:_,.. .
: : B . R . . . . 2

clock was act1vated uhen 9he shutter opened to d1Sp1ay a sl1de.¥ ETaosed'*ﬁ

g t1me uas recordcd 'fn m1111seconds un111 the . SUbJoct's 1n1t1a1

- mixed case words end were shown examp]es before the exper1menta1 tr1als

: V°°a]‘zat‘°ﬂ’ Wh1Ch term1nated both the sl1de d1sp1ay and the clock.,eef';ff

Procedure.;»The subJects vere tested 1nd1v1dua11y and were told thatgsﬁ

‘ithey uou]d see only words. : They were 1nformed about the nature of1

:.-

-_began ' They were askeo to name each present d—word as’ qu1ck1y and as

| accurately as poss1b1e.

/
I -,\,‘

SR .
. ©

Resulcs and D1scuss1on

7 The overall error 1ates were 059 for the.good readers ano .075 for ﬁ
'the less sk111ed readers. Only the correct nam1ng t1mes were used toiig

: est1mate the mean nam1ng latencies of each subJect under the four'f

. "1}_' Stat1stica1 ANOVA for a 2x2x2 (Readers by Frequency by Ca:

| ‘d'factor1a1 design w1th first factor as a between-subaect var1ab1e and “th

ulast two as withfn-sub;ect factors was performed on the latency data
i _.The results showed significant maineffects of read1ng skﬂ'l F(l 20)
88! 44. nse -25395 34. _ofvfrequency [F(l 40) = az 39, MSE = 3237 14] and/
? ‘jfof case. [F(l 40) = 208.87, HSE =678 9. There is also 2 s1gnff'ican

'"‘-fnteraction effecteﬂbetween reading sk111 and word frequency, F(l 40)

';l18 92 MSE = 3237 14. suggesting that less skilled readers are much mor

Cp e




signfficant.,' The above tho 1nteract1on effects enable us'to cxam1ne hou
reading'skill.jnteracts with case d1stort1on and how frequency 1nteracts
with-case distortion. ' e ' |

e Lok : -----_'....-----.a----.-‘----'..-----..-

S e T g .

+ : R B ! . ' .
' e E : . . .

_ S1nce we were 1nterested in .the magn1tude of d1srupt1on due 'to
alternat1ng cases. the 1mportant neasure to be exam1ned was the t1me je
d1ffe|ence between nam1ng the 1ower-case words and the m1xed case words.

‘\ The mean d1fferences of nam1ng t1mes for the good and 1ess sk111ed

.o readers are presented in F1gure 1 as a funct1on of the word frequency. L

N 1]. ) - }nserthﬁgure 1 about‘here’ ) ’b ;,.;v o %Fif

o

“T Now let us. exam1ne the resu]ts as dep1cted 1n F1gure 1 wzth ruspect

7 to several maJor quest1ons of fnterest. ¥; T
| F1rst. d1d subJects suffer from m1x1ng cases? The answer 1s yes and
for a11 subjects, inc]uding the less skil]ed readers. Second d1d good

L /readers show more d1srupt1on than the 1ess sk111ed readers? Not at a]]

. and thn picture 1s just opposite to the "ed1ctien from the dua] access

mode] as descr1bed above. , In fact. 1ess skﬂ] readers show( more

d1SY‘UPt1OH due tO\ V‘isua1 d‘istort'lon _than . the skﬂ‘led readers.,_._]

essence. we rep]icated Mason s (1978) f1nd1ngs., F1na11" d1d h1gh
frequency words have more d1sruption than 1ow frequency words? Again.

the answer is negative. Now 1et us focus only on. the data of sk111ed

*f readers naming'high frequency words.~ According to the dua1-access mode].

d1stort1on of v1sua1 cues shou]d have the most devastat1ng effect on th1s ]:'




3'cond1txon.f 0n the contrary, the data suggest that sP:]led readers do not .

L

seem to be bothéFed by m\x1ng cases when the to be named uord is ;a‘ uagh
'frequency word. ‘ o
' In'sum. the pred1ct1ons generated from the dua] access model are 1oL

supported. “;A sk111ed mature reader does not opt for the v1sua1 pathuay

- as- the so]e source 1n order 0 be a faster reader. Rather, it 1s the-

. less sk111ed readers who seen to have no cho1ce other than adoptang a
pvvisual configurat1on cue wh1ch 1s\3ust not good enough for fast and‘ ~,
\'3accurate word recogn1t1on. : : ' "'; o ;

Mhat went wrong w1th the dua1 access model of word percept1on? 'fhe o
th1nk there are two erroncous assumpt1ons that have~been made 1n che',fldri
rmodel F1rst, 1t 1s not true that v1sua1 conf1gurat1on 1nformat1on byfrh
_1tse1f can ‘be a very effective cue. Th1s can be seen in Groff‘s (1975)ﬁ:f
‘. ana]ys1s of words found 1n schoo] books wh1ch shows that less than 20% of7}:

. the words found can be represented by a un1que shape consequent\y, the,f}

visual conf1gurat1on 1nformat1on cannot be a usefu] cue.» Second 1t 1snﬁ_

-a~m 'phophone

nrc relat1on (Hung &

v,o..

?pthe printed word 1nt9 1ts phonological representation, he/she must have

f

nrdeveloped some kind of ‘“linguistic awareness concerning the spoken



7 concepts and their supporting evidence) Liberman, ‘Liberman, Hattingiy & ‘

' orthography (see- Fow1er, 1081, for a dctaiied discus51on on these‘

»

. Shankweiier‘i1980) have argued that these two' spec1a1 demands may

ia;principie in the history of writing systens and on. the—other hand Cfor

f}this account is a correct one.
'jwiii suffer more disruption uhen some of the redundant information isff

: removed. The next experiment wa

,information ' from

'account,' on ' the one hand, for the e1us1veness of the'aiphabeticai

| the frequent faiiure of iearning to read among- chiidren.

Phen 1ess—sk111ed readers are unab1e to:‘effective1y ut1112e the -

'phonoiogica1 pa*hway, they can re1y on1y on vi uai information such as

shapes ceriain idiosyncratic configurationai cues (P g, dog has a ta11

gtiat the end),_ or:: some‘ fami1iar 1etter groups. For less sk111ed B

ireaders, any of these different types of v1sua1 information may be used~uﬁ

o

to serve as memoriai cues for word meanings and pronunc1ations (by rotn '

}memory, of course) Mixed case presentation impedes the extraction of‘i

_ ski11ed readers. ln contrast for good readers, the v1sua1 information'

L is- used as an add1tiona1 cue to the a1ready ava11ab1e phonoiogicai
";the visua1 pathway uouid not resu1t in any serious damage._‘b-fp ;H;:.

:there is differentiated andhredundant information inherent in»the printedtf‘b

_;conducted to test this prediction. ?-~7=
SRR ':jf. E gerimentlfif;i.. ;a}}'*"' ;
In this experiment the attempt was made

e to remove some redundant?

_he' printed uord 'ii,”was again presented inv

< .

these v1sua1 features and thus resuits in severe disruption for the 1ess"F";“”*

semantic, syntactic, and other word teiated 1nformation,. thus, biocking' ’

The above interpretation is 1arge1y based upon the asSumpfion thatg_h;ffg

V1s“°n1y avaiiabie t° the.QOod readers..lfi;f:jf7

!then "E Sh°"1d predict that good readersfhi;Jk




- fquestion 1s how can e measure ‘the  effect - of“

\ ) . o . ‘ _A"' :‘ v» - : . . //II

alternatxng cases. Resu]ts from the 1ast exper1ment sno%ed that good"

> readers were only mi]d]y d1srupted by mix1ng cases wh11e 1es' SR]]]ed'f~»
readers uere severe]y d1srupted. He have taken sthese . ﬂata to suggest | h
: that good readers are ab]e to takﬁ,the advantage of reduhdant informat1on ‘1‘
in the word whereas such information is not avai]ab]e to the’ 1ess sk111ed o

i,

readers.‘i Our experimenta] strate -is. to remuve sucH redundancy and our:f' :

| expectation 1s that good reader;t ,Au1d show more d1s?upt1on due” to the‘c

P v —~

absence of the redundant i formation.. The .edeﬂdgnt 1nformat1on to be*'"gi
removed in this case is the spel]lng-to-sound regular1ty. Resu]ts frome;
» “previous 1 studtes have demonstrated a faci]xéat1ng effect of the-
.'.spe]]1ng to sound regu]arity 1n tasks such as na7 ng (Baron & Strauson, ,;u;
1976; G]ushkg. 1979 Gough & Cosky~~1977) as. we11 s lecha1 decisionsi‘ef;
(Baler. & stanovich, 1980~ Barron, 1979 Stanovi[c{h & Bauer, A978). If we a
disrupt “the pr1nted array such that tho-distort1on prevents sk1]1ed¢xi;
readers frcm qu1ck!y extract1ng the phono]ogvca1 infonnat1on,_ then the ﬂ}h
- faci]itating effect observed %n those previ us studies should d1m1n1sh or{ff;
- at least be reduced.f He can ach1eve ;he visual distortion by a1ternat1ng-.jf

letter cases during word presentation,ﬂas 1n the last experiment.‘ Thei

emoving the regu]arity.

: 5_caused by mixing cases.;; He cannot/ simpiy 1oo:;at th° RT difference;

Fof:this purpose& ue: included another 1is

f_ Reactxon 1mes for naminq' hese



o

'only be named based upon orthograph1c 1nformatxon d1srupt1on caused by‘w

m1x1nc cases can only be attr1buted to orthograph1c d1srupt1on. On the

other hand for regu]ar-spe111ng words,' m1X1ng cases results in. both\

- orthographac and phono]og1ca1 dwsrupt1on. Consequeqt1y, we shou]d

'observe more d1srupt1on w1th regu]ar-spe111ng words than W1th 1rregu1ar-j*" 3

I

;, spe]lung words u\th réspect to the effect of m1x1ng cases on a nam1ng";
A-task Furthermore, th1s argument shou]d app]y only to skn]]ed readers.?s7

ffor 1ess ski\]ed readers, the 1ssue of phonoYoglca1 redundancy may app]y'

e

.,~t° on]y a very smal] proport1on of uords. Thus, vie shou]d expect these‘-*”

-readers to show quite d1fferent pattern.~'

In Mason s,(1978) exper1ments poth res Larit. od  reading abi]iﬁxj;_v,jﬂ~f;

.. were varled but the expectcd ;teract1on was not obta1ned. The'nuiiz S

1‘;f‘“di"9 seems to question Juur 1nterpretat1on. Howﬁ;er,_ as  [oHac t]y’ff*~:
*-pointed out by Bauer and Stanov1rh (1980). severa1 methodo]og1cal¥;ufi'

weakne ses 1n Mason s study make 1t d1ff1cu]t to accept her resu]ts as-f7‘7”

| conc]udtng evidence. _ For examp]e”

J.;b1ocked 1n Mason s exper:meat.‘_Thisﬁlb,

- that ski]]ed readers wou!d'be ab]e to adopt an orthogrnnh1c reading,

except1on- and regu]ar words u°re‘;1$,

AJSO‘ Mason s exper1ment used Baron and Strawson s,ff"




enty skf\]ed and 20 less sk111ed readers ﬂere e\ected 7fﬂ
None of them partlcipatedaifl

’source as Experament 1.,

rword 1n lower case,;

“ st1mu11 cons1sted of 100 words adopted;

They were pa1d for the1r serv1ce as subJectsu L

' ~a1ternat1ng cases.ifThe apparatus for stimu]us presentat1on' and f0r 




.'.‘

For’each subJect‘ he;time d1fference between‘ naming a lower-'ase}j e

do the

with respect ;orthe d1srupt1on caused:by mlxlng;thenletters,

'\ =

;" fiansweﬁ 1s no and thls 1s consistent uith ‘the kbservat1on made 1n:the last 'f;ﬁ




e

. readers .we sSee a conplately opposite h
| ult in terms o a‘idu‘aj

-




One unSt10n rema1ns to ‘be answered th uas there a regu]ar1ty : ,:{VE

effect for 'the 1e§§) sk1f}3d readers’ There are at 1east tuo poss1b1el

i

w'

Q answers., F1rau.’ a1though our 1ess sk\11ed readers were unab]e “to

ueuphonoiog1ca1 pathuay, they were neverthe]ess cn the1r .
Avf:way to gain accgss to th\s route. Second the observed regular1ty effect' ;
'a.may be pure

'5:yord eah 1ess occurrence w1th respect to a certa1n v1sua1 pattern. - S0

Ahtdue to orthograph1c famﬂ1ar1ty.i The 1s except1onaTr

{szless sk111ed readers know1edge of phono]oglcal regu:arﬁ:y~ A th1s,

| In such‘ a model it 1 nypothesized that two;‘%“**~~~

'thw s lead‘no:tne lexicon. One is accessed v1a a vxsual code;%;ﬁzQ

robust.

'phon'Togica1 pathway., Sim11ar1y, the

fnﬁord percept1on 1s attributed to thef;u



';fand it is the low frequency words,'rather than the high freduency uords

';which are. more vu]nerable to the distortion of Visua1 config ration (this

| “'a1 unsophisticated and formulations of ‘heir various components are

i”wgusuaIIy more than e]egant.‘ why, then. are hypotheses generated from them 5

";gj;studﬁgt'(personai communication) obtained experimental results conSistent

.'-.‘b1° t° utilize the phono]ogical Paﬁrway made possib]e by an a1phabeti :

.,‘writiig sy'fem. a. reader has to extract the grapheme-phoneme conyersion

‘ f;_ru1es ‘emb

*fski11ed readers rather than the good readers, uho are the Visual reader‘

w‘underIying the conceptualization of the information processing mode] of

ﬂﬁfrcqtg had been biocke ~by"mixed-case distortion.; Recently. Katz‘and ﬂi

activation of thr Visua1 pathnay by the high freqdency words
’ | UhiIe on, the surface this account of indiViduai differences _in'el'
reading cb111ty seems to be Iogically sound further tests of hypotheses
generated from the model yieided experimenta1 results in a totn11y
opposite direction. In fact, results from our tuo experinentf wifh words

presented in a]ternating cases strongly suggest that it is the 1ess

_is espeCially true for the. 1ess skilled readers)

lt is time fOx us/:.oJ criticaily eva]uate the baSic assumptions

reading, and: the dua}-actéss modei in particular. These models are not at

SO eaSily refuted by results from these very simp1e experiments of uord

perception. He’think the most erroneous assumption made by the d

‘Vboth good and 1essxski11ed;readers.. In fact. we found only good _reader

pdded ini;that particu1ar orthography.} Matting1y5(1979) “and




g . .

/Leaders diifer strikingiy ooth fron i\\iterate adults (“orais, Cary,3f' -
. Alegﬁa, . Bertiﬂson, 1979) and fro prereadlng Ch]‘dren (e.g.’ L'Ibnrman’ ;

}f”*ﬁ; ShankweiIer, Fischer, & Carter, 197 a\ong the dimenSion oi lingUisticﬁ

’» awareness and of phonoiogicai maturity. Thus,‘ it may be over\yiflts'ﬂ
| "presumptuous to assume ‘the readiness of the. phono\ogicai route Simp1)¥ﬁ»~~
’berause every cni\d seems to eaSiiy acquire the spoken JAnguage.; Between ,'r'

: ) script and speech there is a gigantic gap to be crossed over.. For many":gi:
’~,chi1dren and adu\ts this may ‘not be as etsy ‘as’ it seems.v. o R
: ﬁfi,a' ’he second erroneous assumption made by the dua\ access model ‘is'.]
_,3that good readers somehow gxgg_s the phono\ogica1 route and opt for the;‘%
t‘visua. route., No doubt Visua1 configuration,_ fami\iar Ietter groups if
4word Iength 1etter pOSitions - and’ seduentiai redundancies al\ serve asj,

| important clues to. activate the f“]ogogen of a ~unrd (Morton, 1969) ;

However, whel?the presented letter string has a’ regular grapheme-phonaneh;

75re1ationshi{ why the reader wou]d want to av0id using this readily;g

ffavai\ab]e information and thus bypass the phonological route is certainly‘~
vainystery n:recent years, information processing mode\s aiso introduce'e
‘the . CONCEPt °f 3Ut°mat131t¥ (LaBerge and Samue\s, 1974) to des:ribe theis

‘ speeding-up of many subskiils (inciuding Ietter-sound conversion) in wordf;

b

. decoding by fluent readers._” But if automaticity means noi,‘gg,;.E
processing capacity and no consumption oi proceSSing energy, then whyihis;
-Mthere any need for bypas5ing7 i o o B “ ’ '\_ B
| He propose that the difference between good and‘less skilied readp??f
'is that for the former there is a great dea1 of redundant infonnatio B
:g;inherent in a printed word that is readiiy at their disposai and that;
this. redundancy makEs them less vuinerab\e to distortions in a presented:

1,1etter string. For the poor readers, the lack of knowﬂedge about th



2

‘ V'graphene phoneme convers10n ru]es prevents them from th° eff1c19nt use of, o

E the phono1og1ca1 pathuay. Thby are then forced to adopt a vmsua] readIng'_

9;strategy wh1ch 1s useful only when read1ng 1; 11m1ted to a/cery sma11/set.kf
. of words.1 As the number of wards to  be 1earned ‘ nc' ases,b confus1ons"

-hamong words w1th respect 0| the1r v1sua1 conf1gura 1ons beg1n to set in

;;and the v1sua1 reading strategy becomes the 1ocus of the read1ng prob]em‘:

S ‘ |
for. these ch11dren. Thus for most uf thes ]ess sk1l1ed readers the;j,

eunderlying reason for the1rf1nab111ty to become eff1C1ent readers 71es inff
?'the1r 1nab111ty to make connect1ons between scr.pt and speech 1n order to:f
7ut111ze the phono1og1ca1 pathway. If a once sk111ed reader #uffers;”
| cerebra] damage wh1éh prevents h1m/her from us1ng phono1ogy. the{ he/she\f
has to rely on the visua\ pathway/to get to the' 1exicon.t But such a
p es1dua1 ab111ty to use the v1sua1 cues to guess some of the words}y
rcorrect1y in no way suggesté;that fhe v1sua1 pathway 1s a more eff1c1ent;7
"vway of read1ng.,v The/ impertant fact to be remembered 1s that these»f
'fpat1ents read poor1y and that 1s the reason that they are c1ass f1ed asi

/

A-i"deep dys]ex1cs“ ,/The data from deep dys]exics cannot and shou]d not bef.

/

-17taken to support the assertion that good "eaders are visua1 readers,?

ARather, the1r error patterns 1n reading are cons1stent w1th our p%apasa1f

| that 1ess sk111ed readers have d1ff1cu1t1es 1n Vdecod1ng word< peagasaﬁ

they are visual readers. ’A';"‘i“l - {1',~‘]{;»~ae;;,_ B ?fv:i’f?77
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,': For most of us learning to read seems to, be an easy task which really does not .
f»deserve much scientific attention. However, when one considers the proportion of
gfchildren ‘who - fail to learn to read in the elementary school, it becomes clear that
" the success of learning to rezd does ‘nct come naturally, as does the analog of
'flearning to speak. In fact theishocking percentage of . reading ‘failure - in »many

| “countries has led some researchers to conclude that "the problem with reading is not

LA visual perceptual problem the problem is rather that the eye is not biologically

7iadapted to language.“ (Gleitman & ROZln,°1977, P. 3) Bu* the last statement cannot

i:bé right for deaf children have no. known problems learniﬂq Sign language via the:

L 2N

“l’“visual" modality (Klima & Bellugi, 1979, Newport & Supalla ‘980) Nhat then, does
l"contribute to the lack of success in learning to read7 Let us examine the Situation

’71morc closely.

3

The relation between written scripts and spoken languages seems so  close thatf

-

wf’one would expect that anyone’ who~ is able to speak should be able to read. y ;‘é

ANevertheless this is not the case. Hhereas all humans learn to speak effortlesslj
. '\

ﬁ’and ‘naturally, indicating that ‘there must be a significant influence fr.om genetic
72;facilitation the situation is very different with writing. Many societies SLlll do

b*_;not have written langgages, and in most literate societies, there are people who

'egnnnot read or write either for social or organic reasons. Thus, for cognitive R

i theorists and practioners alike. the question becomes th.do some children fail to.

’ learn to read7 This question is particularly baffling when the reading failure is#

F*;;completely unexpected and defies commonsense explanations (Frith 1981) Forx:”

iifexample. given that the child already has learned the spoken language -and that each

'“ifletter on. the printed array “corresponds roughly to a 'visual analog of some known

:;,lspeech cateqory. it seems that reading should be an easy deciphering task. Yet,,this

'.;1vgew is simply wrong. Decades of intensive research have revealed that the problem o

:'f_reading may have Something to do with the cognitive prerequisites to understanding

3

one s own spoken language and to appreciating the script speech relations embedded in :




-~
(%
ER

a particular writing system (Gleitman & R021n, 1977 Hung & Tzeng, 19%1) '1

The recogn1tion that purely external linguistic factors may contribute tp the
v
I

incidence of reading disability immedlately brings our research focus onto seieral

directions of inquiry. -First, whi
process of learning 'to read at the entry leve

- what are the basic processing components in skillful

language specific? Third, what are the defining features of reading disability and;

: _of acquired dyslexia? Finally, given the varieties of . writing systems with differentﬁ

types . of script-speech relations (Hung & Tzeng, 1981), how does the brain adapt t

"these.orthographic variations? These and many other questions have been the centra

concerns of our research. Specifically, we have been trying to find out the ways in“

N which different orthographies mediate between visual perception of a printed array;

and lexical retrieval. Given the linguistic differences in mapping the script onto

speech, the three types of OrthOgraphles, namely,' Chinese logographs, Japanese

syllabaries, and English alphabet, seem . to present different kinds of demands’on

y of print and ~attempt to- converf the visu
(Fowler, 1981). Such effects 0

their readers. Nhen they scan an’ arra

' messages ‘into some types of linguistic codes

orthographic variations are most apparent in the beginning readers (Gleitman & Rozin

1974) as well as in the aphasic patients who have. large left hemisphere perisylvia

-lesions (Coltheart, 1980) Thus, a comparative reading study across these thra

with reSpect to both normal and dyslexic x~ading processes
t remarkable specifi

types of orthographies,
elp us to unravel the tangled story. of the mos

on has learned in all his history.f (Huey, 1908/196

would certainly h

‘performance_ that civilizati
p.6). \ o B )

i

In this initial step toward a camparative study of the Jreading:éprocess} acro

orthographies, we cannot hope to anStﬂr all the above questions.. Instead wevwi

which is concerned with the cognitive

focus on comtemporary research

':;neuropsychologfca"



|

© key research quest1ons and a1so po1nt out what informat1on is ava11ab1e and what 15'f~'v‘ﬁ

st111 needed in order. to arswer these questionso

A'theoretica1kgoide1ine Wou1d be he]pfu] in sorting'outbthe;essentia1sffrom.‘the
"messy data from most cross- cu]tura] and cross-language researéh It is: our'
‘conviction that any attempt to ar ferstand the act of reading as a comp]ex blo1ogica1
system shou]d dea] w1th theffobta1ned data with respect to four sub-theor1es as
'suggested by Marsha11 and Newcombe (1981). Flrst we need to deve]op a theory of

orthography which regards the theory of written 1anguage as a statement of the
*

mapp1ng between the form of an orthog.aphy and a set of 1eve1s of representat1on made» ;'.

available by virtue of - having- acquired the spoken 1anguage on the part of the Ce

beginning readers (Hung & Tzeng, 1981; G]eitman & Rozin, 1977 Hang, 1981)J

Second we need ‘to develop a theory of perceptua1 1earning that wou]d specify
which of the mapp1ngs that a certa1n type of orthography makes ava11ab1e are actua]]y'
perce1ved and ut111zed by the beg1nn1ng readers under various 1nstruct1ona1 programs»

" (Gibson & Ley\n,' 1975; G1e1tman & Qozin,, 1977 Liberman, L1berman, Matt1ng1y &

Sha"kwef1er. 1950) Th1rd ‘a theory of modu]at\on should be deve]oped to. spec1fy the -

nature of ‘the storage dev1ces. transducers, feedback loops and so forth that arel-”7~

requfred to implement the on-line act of reading . (McClelland . & Rume]hart. 1981;

\ Morton, 1979 Taft,' 1979) Flnal1y, we need a theory to spec1fv the neuronal_ o

uhardware that 1nstant1ates the dynam1c aspec* of 1ex1ca1 retr1eva1 as exemp11f1ed

\ ,g;;
,the above theory of modu]ation (Co]thar-, Patterson & Marsha]]. 1980 Marshal] and;’ i

hewcombe. 1973).1_,.,'
- ’ “ . c \. \

I this chapter, we w111 not attempt to: 913§ deta11ed spec1f1cations for each of ;;L
"the four subtheor1es. Readers ‘who are 1nterested 1n their deve1opments shou1d',,T
onsuﬂt re]evant journa] papers as we]l as. book chapters which are pub]ashed in an f{%

A1ncreasing rate. Here are some 1eads. wang (1981}\has been .rying to deve]op aﬂ;'

,theory of orthography‘from the perspect1ve of an optima] ohthographV. Tzeng -and his”cg




associates (Hung & Tzeng, 1981 Tzeng & Hung, 1980; Tzeng, in press) have attemptedi:

fto specify the constraints of various script-Speech relations on readers linguistic,;

“'awareness. They investigated the effeCts of orthographic variations on visual

; information processing (see also Leong, 1981) In another study, Tzeng, Hung., and"

;zNangﬁ’(1977) specified the role of speech recoding in reading Chinese logographs

;, ~ With respect to . the theory of neurolinguistics,A Tzeng and -his research groupy
;_(Hardyck, Tzeng & Hang. 1977, 1978, Tzeng, Hung, Cotton & Hang, 1979) have looke
into the: issue of visual lateralization Aeffect in reading different orthographi .

'symbols._ Rerently,_ Hung and Tzeng (1981) have given an extensive review on variou

reading deficits in different types of aphasic patients and acrossadifferent writin
systems.g lhe knowledge accumulated SO far has enabled us to ask further question

concerning relations among orthography,

reading and dyslexia. Let us look at some ‘ofg

.

the developments./ - _ S o
/‘-;" ) , Y

A. LEARNING/TO REKb AT THE ENTRY LEVEL '

Hhile the problem of reading disability is pervasive in languages adopting%:the

'alphabetic principle (e g., English German. Spanish, etc ), the rarity of readin

_ disability atfthe beginning level has been noted in languages adoptiug syllabary
'l-ilogographic syst:ns (Makita. 1968 Tzeng & Hung.,1980) 4he ease of acquisition
Athe logogrrphic system was . further attested to by the uidely cited study
Philadelphia tr' a group . of second-grade school children with serious readin

problems. These children continued to have problems even after extensive tuforing b

o conventional methods but uere able to make rapid progress inﬁﬂenrning and readi'

"_materials written in Chinese characters \Rozin, Poritsky,”g Sotsky. 1971)

.

Hhile the evidence appears impressive, one—should be cautious in interpreting

the results reported in the above studies., The study reported by Makita (1958)

S xfthe one cited in Tzeng and Hung (1980) were both crude survey reports.n In both Ja“

‘[and Taiwan where lito”acy is highly“i”h_ v‘"'kékff- f



efalways imposed upon schools to make the schooi

“fdisabiiity can »never teli fane whole story.

o Chinese -and Japanese people to tnderstand.

| different criteria for reading disabsiities.

; al. (1982),° the concept of somg

,appropriate cross- cu]turai cohcrols. R021n et a|.

' but ‘method ‘ogicai weaknessea make - them less impresslve than’ they first appear..

’ rarity of reading disability in & certain cype of orthogra

1ook good a simple survey on ~reading ”

Furthermore different countries have
As cogently pointed out by Stevenosn et

one possessing a "disability”, is very difficult for
In both cultures, retardation in reading

wouid be attributed to 1ack of proper training and’ poor motivation. Thus, evidence

"such as that provided above cannot be 1nterpreted too enthuSiasticaiiy H1th0ut

's’ (1971) resu¥ts are 1nteresting,'
e
een prov1ded to’ support the

thinP it is fair to’ say that so far no hard evidence has b
p( (see aiso Stevenson et

. k]o’ 1982).

- To build our cross -or hography study on anvempiriCal foundation, we shou]d”'ioOK

| into the problem- of re ding disabiiity with. respect to three Spec1f1C criteria, -

First we shouid examine thecs:gglstlcs_of the generai 1earn1ng disability.
rom the popu]ation of the genera] 1earning disabied the '

Second

we should differentiate f

proportion of disabied readerf who have prob]ems spec1fica11y re]ated to speech. '

Third we should examine the difficulties of. 1earning +to read’'a particu]arv

Hith respect to -

‘\probiems.
orthography by those deaf chiidren who have been deprived of speech.

general 1earning» disabilities, we should expect to find an independence between

. orthorgraphy and reading disabiiity.

-expect to. find that 1earning to read effectively is dictated by the speciai script-’

speech reiation embedded in a particu]ar orthography.
5. .ph- %peech mapping repr°sents a -

In an alphabetic writing;7

‘system gSUCh s Engiish orthography, the

-%7morphophonemic re]ation (Hung & Tzeng, 1981 Veeezky 1970). In order for & readera*

to be abLe to recode the printed word into its phonological representation helshe

vmust have deve]oped some kind of '1fhguistic ‘awareness" “concerning the spoken]fnj

, ianguage (see Mattingly. 1979 for a review) and he/she must,be phono]ogica]ly mature' o

H’th respe(t to the second ¢riterion, we shou]d‘ :




o

enough to be able to. see the morphophonological re

ch relation of English orthography.‘ Liberman et al. (1980) have argued that

gularities inherent in the script-

: spee

the
> phabetic principle in the history of writing systems and. on ‘the other hand for

two special demands may account. on the one hand. for ‘the eluSiveness of the

the frequent failure of learning to read amdng American children. Many other studi
have also found correlations, ranging from 38 tov 84. between phonemic awareness an

,learning to read English (Calfee. Lindamood. & Lindamood. 1973., Chall, _Rosezell

Bloomenthal. 1963 Fox & Routh 1976. _Helfgott. 1976 Rosner & Simon. 1971)

However, the dire°t1°ﬂ of Cﬂusality in these studies is controversial (Stevenson e

“The third criterion listed above may be the only. true test for theg ease o

ain orthography. Without the experience of speech and now fotaaa‘to

| learning a cert
thei’de

learn a writing system which is parasitic on an: unfamiliar spoken language.
children s difficulties in learhing to read are no surprise._ The question is :,ihill

"they have a much easier time in learning to read Chinese as compared to learning

read English? He have 2 lot of statistics to suggest that deaf readers do notlco

"well in learr.ng to read English (for a review see hung. Tzeng & Harren. ,981)

example. in a large-scale study carried out in the U S. in 1974. special versio,

the Standard Achievement Test was standardized on a sample of nearly 1, 000 hear

;impaired students. The median score on the paragraph reading subset reached a gr

equivalent of about 4.5 among students aged 20 and above (Trybus & Karchmer.
Comparable stL\istics are not currently available about the reading achievement

deaf children i Jeoan and Taiwan (or mainland ay However. there are repo

‘.from secondary sourc*s wnich indicate that dea; children of these countries d

- seem to have easier time than American deaf children in learning to. read t

respective writing systems. For example. Peng (1978) reported that among one quart

F i of a million or S0 deaf peopie in Japan. 25% are considered illiterate and the re

ﬂ:;.are considered as semioliterate. Similarly. in a book dedicated to the promotio




5.education for/the.deaf children,billiterate is also listed as the number'one problem

' amongﬂthe'deaf'populatioh_(kuei;ﬂ1§81);"

‘/

/ ‘ v__ '- ‘ . .
Thus althought precise-statements are diffcicult to make, it does seem clear

that//there is no such thing as an easier orthography at the entry level of learning_
to/read.. Scripts, regardless of its orthographic principle, were deVeloped maily toy,i
"~Qtranscribe the speech at various levels._ A deaf children, being deprived of speech
.f:would have difficuTty in attempting to decipher fhe script speech code and that
diffculty seems to be an universal ohe However, ‘this concluSion should still be
',ﬁaccepted with caution since the data base from which he concluSion was drawn ‘was »'
- only a very crude estimation.‘ -The picture is further complicated by the:;
; ,lmisunderstanding of sign languages and their relations to the written scripts. ,'So,i
'\retardation of - ,reading ability among . deaf childreo may be due to inappropriate,
35' intervention programs and have nothing to do with orthography.‘ Careful. specification.gb

of the error patterns emerged ‘during learning to read in orde' to get at the:

'processes of how to_qntegrate print with_meaning remainskto be done.

B. Hémlﬁﬁheric Specialization'for'Processing_written Languaggf-‘

A There. is reading disability in children that is known by a variety of- titles,g
| 'from word blindness, strephosymbolia, congeital alexia, specific learning disability,‘”
::1;51specific reading disability,‘ and specific reading retardation to dyslexia,, or,ﬁ
| congenital, specific or developmental dyslexia.- It is still not known whether i* isvl
j-a single syndrome or. a loose collection of vaguely related disabilities._ 'Some?:

' !; researhcers ' attribute | children s failure .of' learning . to’r read "to ethe;

’ N

' neurpneﬁ*hological deficits of their cerebral organization (see Bradshaw Q_EEEElEE,,*/

. 1983» ;?ghf reveiw) As mentioned before, orthographic variations embedded in thekf
cript/speech relations have to be accommodated by our brain. - ln' this connection,ff

',specification of the interactions between orthography and cerebral organization can?i

: f_.proVide us imﬂnrtant information concerninq the neuropsychological pathways between_




o neuropsychological level has Just begun.

- presumably

:b;:ﬁvisual lateralization.;k For example. 1t has

3

. -print ahd meaning.,_ This type of cross-language investigations “at 'th\
However. experiments from last severa

" years have already generated interesting and exciting reseults af both theoretica

»and practical levels (Hung & Tzeng. 1981 Tzeng, in press) o

The human cerebral cortex is divided intJ left and right hemispheres. andf
the two hemispheres function cooperatively in normal cognitive activitie
Nevertheless the idea that these two hemispheres may assu

different types of functions has been intensely studied over tb_ st 100 }earc (see

| including reading.

< review in - Hardyck et al.. 1978) The term lateralization - refers. _toff}the
left and . right hemispheres of the brain for different

'specialization of tne
hemi-f

v,functions. Experimental findings of and the rationale behind the visual
experiment and the actual experimental set—up have been reviewed by Hung and Tze

-’(1981) Suffice it to say here is that in recent years there have been suggestions

.that learning to read different writing systems may result in different patterns of

been observed that tachistoscop

,-recognition of . phonetic—based scripts tehds to show a right visual fiel

>'fhemisphere superiority effect wnereas recognition of logographic symbols ten

' ;show a left visual field-right hemisphere superiority (see Tzeng. Hung. Cotton

A cerebral orthography-specific localization_ hypothesi

. has been proposed to accounml'for these data (Hatta 1977) This hypothesi

'} ,(1979) who found that in fact. the left v,sfal

'a‘Hang. 1979 for a review)

i‘/challenged by‘Tieng

_ »szeng et al. ual; .
i"reflecting *he function-snecific property of the two hemisphereﬂ‘géf **ir'te_;



| reading'included, Let us examine this view more closely.

Duality of Patterning,and-the Three Ss.;

Human beings communicate with language which assumes three different formats,"

knamely, speech sign. language, and script._ As communicative mediums ar these threea,:‘

- Ss involve the manipulation of some motor gestures to transmit signals. For speech -
one maneuvers his/her lip, Jaw, ongue and larynx to shape the vocal tract in order ;f"i
‘to make various acoustic patterns (Nang, 1971) For sign languages,‘ one moves andoe,ff

" changes hand shapes through space to create multidimensional, layered configurations
(Bellugi, 1980). Finally for script one use handwrit*ng and typewriting to capture*““
'.his/her ideas and. transmit them to readers (Hung & Tzeng, 1981) Hence, with respect ;1
f,to production, all three communicative tools require 3 neuronal mechaniSm for the' ‘ff
~ -selection, sequencing and timing of the motor commands.~ The consequence is a;aflf
;{biological constraint imposed by the organismic structure of the signaling system.faf,

: whose evolution apparently lags behind the cultural evolution which proceeds at a .

7much quicker pace and has developed in infinitely more directions. To. resolve iPCh a.
. mismatch between the rates of biological and cultural evolution, our communicativej
system has adopted a sequential strategy at the signaling leve. and the result is the}
emergence of a most unique feature called “duality of patte'ning (Hocket 1960)
In a sense, the sequential strategy is a device chosen by the signaling systeml
»gagto kovercome its biological limitations at both production (the voca’ tract) ane
- reception (the ears) (Mattingly. 1972 Harren, 1976) and meet the demand imposed““*
L'an ,ever increasing and expanding cognitive world. To appreciate this strategy,

e

"need only take 2 look at how it works to increase vocabulary with limited elEments

igsequential property, these two elements can be combined to form four different;

vstates namely, 00 01 10 and ll, resulting in four possible‘.labels for four

. \

,}events: It caf be easily seen that by producing these two basic elements in




"triplets, eight

| 'unique to human cmmnunicati

-,vlsentence level every known language?has thousands*“ff ords,in’its v

) achieve 2 large vocabulary w1th a ljmited num

events can be labeled in the names of 000, 001. 010 011,. 100.}qu

110. and 111. Thus with n-tuples one can create a lexicon of 2 entries. _From. this

be shown that with m different elementary swgnals in
It also follows that as ‘the

it can sequences of length'”n.

one can produce ﬂmlabels to describe m" ;ognitive events.

.length of the sequences 1ncreases linearly. the potential size kof the u?cabular

increases exponentially.,t.Tuerefore. the sequential strategy is an efficient wayft

ber of basic elementary signals.,,Le

"take\a closer look at how the strategy is realized in human languages. .

In his seminal paper,cgharlee F. Hockett (1960 pioneered an approach'

y how huma langua

‘"design features. . These features allow us to see more clearl

'.has a basically distinct logical design from, say. the dance of the sti“kl”ba_

or the repnrtory of calls of .he gibbon. 0ne feature that uas singled

on is: the adoption of the sequentiali_tratagy

' this strategy is so powerful that all langeages make double use of.it.,




Given the T\mited number of swgna1s our motor/perceptua] system can command and

the ever growmng swze of vocabulary in. the 1anguage, what is needed 1s a devzce whichp'_

—\‘.
ag the interface to Join an 1ntenect4 which rnitiatés comprehends and stores

Se,l‘VES L
o N

amount *of messages,, _to nthem: h\gh!y constrained swgna]

an . 1mmense

K equirement';for a -SeqUERt\al

produc»ion/transm1ss1on/apprehension ’sywtem. Thg
transm1ssfon capac1ty and at thEvSamev

strategy in order to expand it i"fbrmation

_(1977) put 1t “If we; are to keep the'




way that not only exploits theﬁﬁéd@gﬁtié\fnfiacfpiﬁ,bﬁfté?§°k§i‘a"5iit'F°;bé“f°fﬁf

 an efficient rate.,_;””;~j' i




.11ent r ading is much faster than that of speech In fact, 1t 1s the sen51t1v1ty toils

.ime as for production and perception that characterizes the unique feature ofr7’e;
iuaiity of patternigg 1n human communication. This type of information exchange must o
impose tremendous demands on both the production and percept10n systems responsibie_, L

for resolving and maintain*hg the temporal sequences of input/output segments. o

) P R . . N .

A Mechanism for Finer Teméoral Reso]ution in the Left-Heijphere

Over the past century or so, e have iearned a great deai aboot the ‘brain 3"d'i‘.;i
;°b°“t lhnguage. Hher the impairment of 2 iinguistic function is highly correlatedlf°
:with damageato:e oarticular region of th° brain, the conc]usion is usua]ly that the é
f»function is served by t region. It is tﬂ! that the evidence is abundant that notf,g}-
'aii brain tissues are equaiiy invoived in every menta] behav1or. Nevertheiess,fif:gﬁ;
;studies of split~srain patients (Gazzaniga & Sperry. 1967 ’Zaidel 1978) and ofhn
aphasic patients uho suffered sxroke, traumatic inJuries, etc, (Lgnneberg, 1957),>m: }é
nhas been we]l estabiished that for most peop]e ianguage appears to be ]ocated in‘theag
]left hemisphere. ln addition, this statistic has been confirmed by the resuits Of;f

;ingection of amobarbital i!to‘the carotid artery. Host of the cerebrai hemisphere on;,

méthe injected side is transientiy anesthesized.v ln aimosc all right-handers and a ;

fﬁma:ority of ieft-handers, the‘fpatient becomes unabie to speak after left-side,

?fin;ection but not after right-side injection (Perria, Rosadini & Rossi, 1961 Mi\ne"




pragmatic and. maybeg;other forms of 1nfdrmation are' a\uays present as

\

*-—of nature,

additions.{'~




"_q'
. e

: ve accept the contention that a sequentia] strategy ‘as an interface device between°

the vast size of - meaningfu] messages and the limited number of meaning\ess segments

o o

fs necessary for the - evolution of 1anguage, then .we may - further propose “that

;:reaiization of such strategv is responsib]e for driVing the 1anguage function to the

_ieft hemisphere. Such a proposa] is.. rather piauSibie at the phySiologicai ievei A

we have to assune ,is that the two - cereb“al hemisphere differ in their rates of

’Zprocessing (as the resu]t of, for examp]e differences in neurophySiological deSigns,

. -see’ Semmes, 968), with the left hrmisphere showing finer acuity in tempora]

'fvresoiution (Hammond 1982) A (or most of) other higher-level cognitive functions

: 'Nh1ch show left-hemispheric dominance are no .more than the eiaboration of such

differences in temporal reso]ution between hemispheres.

There is now amp]e neuropsycho]ogical evidence that such a: mechanism for finer

:ftemporal reso]ution is 1ocalized in the left hemisphere. Damage to this mechanism .
"fnot on]y disabies patiedts motor sequential behaviors but a]so impairs their- ,
-f”]anguage abi]ity in both production and perception (A]bert 1972. 1976; Efron, 1963‘ o

f};Goodg]ass, G]eason & Hyde. 1970) Resu]ts from these studies with aphasic patientsap‘

li-imp]y that ‘the left hemisphere is dominant for norma] ianguage\because of its '

f;?predominent capacity to retain and uti]ize the sequentiai asoects of acoustic inputs. .

D

fﬁ[Recentiy. using electrica] stimu]ation mapp.ng technique during craniotomy underf

[ Bt T

slocal anesthesia for the resection of epiieptic foci. OJemann and Mateer (1979) were:'

b]e to show that'fsequential orofacial movements and phoneme identification werebﬁi

el

. Lo_{l.

3a1tered from the same brain sites of the left hemisphEEe and thus identified a common ’;

| ;system which processes e]ements both of language proddction and of ianguage g

- patients, inc]uding those with predominant]y receptive defect show ;.




“ ~simu1ate neuro]ogical conditions,' dissociations and deficits in the normal brain.;ff

Hence, it is important to 100K for ev1dence from the testing of normal Subjects.u

Hung, and - Wang (1982) has - shown

Fortunately, a recent experiment by Tzeng,
t of 1eft-hemisphere dominance in' coding the temporal

unequivocallj a robust'effec

. sequence of linguistic ‘materials. This experiment involves a spectally developedﬁ

pic recognition paradigm.
!

were three letters presented one by one onto the rightU

technique of presenting 1etter sequentes with a tachistosco

On each trial, there

.visual field (RVF) or 1eft visual field (LVF) of the screen ith1n a Gerbrand 4- fiel

rk blank was inserted betweenu

Tachistoscope. To avoid backward masking, a 30 msec da

of the experiment is thei

consecutive letter presentations._ The critical aspect

‘presentation location of each letter. Take. 'the word CAT: fjr example.- The three

A, and T were presentéd in that order. /mwever, the Ietter C ua

letters _C
the second et er, A, was presented 1/4

presented in. the center of the RVF (or LVF),

,inch aboye the 1ocation where the first letter, had just 7fen shown, and finally, the

of the. first letter. At any

third ietter T, was presented 1/4 inch below the locatio

| instance, only a single 1etter .is shown on the creen. If subJects correctly

en they should repo t the word CAT.‘ Honever, :

u‘pintegrate the, temporal sequence. th
then thére should be 2 high probabilit

'.they failed to code the temporal sequence,

that they would report the word ACT instead‘because what was stil ;

| '~icon should be -a string of letters arranged ertically as A, C,,and T. i F ;

gra'- which depicts the presen 13

'"f:fgwpurpose of clarification Figure 1 shows a dia

,;sequence of a cente. digit and the three 1etters.s It should be- noted tha_:wheth

not subjects were successful in coding the temporal information, their

T"be a Iegal English uord.: Therefore, the experimental resu]t uould ncm be

This aspect is also important in rufing]out

’.“=mi'by the response bias of wordness.
r'i ght znd e

»'ffpossible tc nfoundihg off different vocabu1ary sizes betueen the




ﬁ,coding. M”This°"m y suggest that a 1esser degree of hemispheric cognitive‘
‘ specialization 1n fema]es may be compensated for by greater activation of t“;
.,'-hemiSphere specialized for a particu]ar task. Such a suggestion is shown in. data;ok

fcerebral b]ood flow during cognitive activity (Gur,, G“"’- Obrist,‘ Hungerbuh]er;f

r

N

Forty right- handed co]iege students (20 males and 20 females) were recruited
from the University of Ca]ifornia, River51de campus. ' | v

Tab]es 1 and 2 summarize thez exper1menta1 resu]ts for male and female subgects

respective]y in terms of mean numbers of ‘correct word' reports according -to the

cemporal order of presented ]etters as a function of visual field (LVF. vs. RVF) [Infh
both Tab]es the mean numbers oi conrect word reports according to the spatial order :
of the presented 1etters are also 1isted The results are c]earcut : For a]]
subJects, regard]ess of * sex, the ability to report the words according to the
temporal order of the preSented 1etters is higher when the 1etters are presented i'v'
the RVF than when presented in the LVF. “The data were eva]uated with dependent t-a.
test and the resu]ts showed t(19) =5, 96, p< 001.and t(19) 4 65, p<.001 for ma]e‘
and female subJects, respective]y.. If we co]]apsed the data ?cross ocn sexes then
of the 40 subaects tested on]y two. (both females) showed minute reversa]s and four
,(1 ma]e and 3 fema]es) showed equivalent performance on bot| visual: fields. ‘The?

overa]] statistica] ana1y51s yielded “a- 51gnif1cant difference (21 62 vs. 26 43){

‘ strong]y favoring the RVF presentation t(39) =7, 48 p< 001 Thus, 1t is’ fair to

E say that compared with resu]ts from other visua] hemi-field experiments, the most

impressive aspect of the present set of resu]ts is the persistence of a RVF

\

“*f*supericrity across almost ali subJects. It is.also" interesting to note that female
o squects show a less stab]e pattern of 1eft hemiSphene Tatera]ization whi]e sti]]

: m?”maintaining the high]y significant 1eve1 of‘ left hemisphere dominance in temporai

. Younkin, Rosen, Skolnick and Reivi h 1982)




su]ts of the above experiment demonstrated a ]eft hemisphere laterafized’j

The re
A foi]ow-up study with exactiy the same ;

mechanism for ‘finer temporai reso]ution.

experimenta] procedure but rep]acing lettersayith colored dots was carried out by the"

It was found that no lateraiization pattern was obs ve

i .same group “of researches._

.during the first block of 60 triais in which right-handed subJects attempted to;

f the three coiored dots.
ing more or 1ess famiiiur with the;

'identify the sequential order 0 However. during the second,

after subJects becom

biock of another’ 60 triais.
a 1eft-hemisphere dominance was agai

‘range of possib]e permutation patterns.

observed at the significant levei of .01, This resu]t is important for at 1east

1ts from the previous study ‘with ietters

,'three reasons. First. it indicates that resu

\know more words than th

: were not due to the c]aim that thm 1eft hemisphere seems s to-

right hemisphere ,(Kimura. 1951’4 Zaide]. 1976) Rather. the result sugqests'a

ifferent tnterpretation. ‘That - is. the reason for the ieftv hemispheric superiorit
in word recognition is- its greater ability at tracking the*sequences;of~segments
)E\Oﬂd. -t

regardless of whether they are audibie souids or visib]e patterns.’

fresuit -of the co]or experiment take -.ogether with the observation of.severe de

1 and ora] sequentia] movements among 1e{t-hemispheric iesion pati'nts.

-based mechanism is amodal as we

“in manua

indicates that the temporaliy 11 as prelinguist

tbe left hemisphere showed it

s oominance “only

‘nature. Finaily. the fact that
gaining some fami]iarity with these sti

mulus patterns sugges

'cﬂjsubjects J
eneficia] oniy when input stimuii become unitized.

| Sequentiai coding is b

'particular feature of cercbra! asymnetry provides the essentiai ;cllh

language toxthe left hemisp‘

:underlying mechanism for the 1atera1ization of

the one hand. there is the requirement of the featu

'>

asing size of 1exica1 un

order to achieve a vastly incre
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N In sum, these experimental results . demonstrate a left;hemisphere lateraiized
mechanism for finer temporal resolution .in normal right handed subjects. This
specific mechanism enables their subJects to keep track of the temporal sequence of

qgﬁgpresented linguistic materials in order to form a word. - Their result is
iy vconsistent w1th the clinical observation that brain damage which leads.to perSisting

language ’deficits usually 1nclude sites which had been identified as.common to motor

sequencing-and phoneme 1dentification. CIf. duality of’ patterning iS' ‘the most

i

important design feature which makes human language distinctive from other animal

communication systems then these data and other clinical and neurosurgical evidence
4

point to the hypothes1s that the phylogenetic emergence of. language is facilitated byv

a left- hemisphere timing mechan1Sm which underlies both language (speech script, ‘and

[N

s1gn language) and sequential motor movements.' lt is probable that a precise timing

mechanism would 1ncrease the survival capacities of the early hominids. Undoubtedly, |

successful hunting and fighting requires precise timing (even simple rock throwing o
H”requires precise timing to be right at the target) ' Thus it 1s not a coincidence T
that handédness i's an indication of hemispheric specialization and that it is one of"

.o z:the‘best predictors for language lateralization.

——

implications I c I

The idea that language lateralizes because it needs to take advantage of a
'f*precise timing mechanism Jinj the left hemisphere helps to integrate most researchi"'i
:-,findings concerning the cerebtal asymmetry in process1ng speech Ever since Kimura f:z

(1961) discovered a. right ear advantage (REA) for dichotically presented verbal,7
f:materials, investigators of hemispheric specialization have been. trying to pinpoint | ‘
,the exact element in the verbal stimuli which is respons1ble for the left hemisphere _g%
.superiority. A simple dichotomy of verbal versus nonverbal 157 certainly wrong.f
Several recent findings are particularly enlightening (see Cutting, 1974) First itf,ﬁﬂ
;i,was found that the largest REA—is,produced when stop consonants /b,p'u t,g,k/ arefl

-*—-presented “10 pairs dlChOth&]ly"i'Second~“it was also found that liquids (i.e., /1"F




. . S . . ;
. . R . .

_and /r/) produced a less strong REA Third with steady-state vowels (Such . /ﬁﬂfif

"'fand JE/) ~as stimuli, no REA was produced Schwartz and Tallal (1980) notic that;fé

f_‘,subsystem.v such as reading, is particularly labile with respect to its corticap

'fﬂgchildren of this country. Examinations of poor beginning readers reveal’a}uomm

temporal order and segmentation for Speech may “be, Pfeserved,.ff

' ;femporal resolution has further implications for reading research It has bel

,neuro—substrate and that its capacity is most likely associated with considerav.

athese stimuli not only belung to different phonetic classes, but also differ 1in. thefﬂ

rate of change of acoustic cues that characterize their spectra (Liberman,{1982) o

'They hypotheSize that there may be -a direct relationship between rapid teﬂpoﬁalﬂ?

vprocessing and speech processing and that such a relationship is resoonsible fod\REA f{

tndeed in: a dichotic-listening experiment with normal right-handed subJects, \they;}
are able to demonstrate that altering the temporal component of the acoustic spectrafﬁ
within a phonetic class results in a significant change in. the magnitude of the REA§33

This findirg, in coniunction with those mentioned above, strongly supporfs oudi

contention that the superiority of the left-hemisphere for_ linguistic processing;

reflects left-hemispheric dominance in processipg rapidly changing acoustic features;

by binding together phonetic segments so that at rapid transmission rates thei

| The specification of the importance of a left-hemisphere mechanism for finerf

claimed that a 'culturally recent“ and. perhaps cortically overlaid languag“

anatomical variabilities of cortical representation '(Hier. LeMay, Rosenberge

ulPerlo. 1978) i lt t!’;lso true that reading disability is widespread amon

;defect in immediate memory for item order, especially that associated withi:phon‘
- codes (Katz.l Shankmeiler & Liberman, 1981) 't \may‘be that some of these o

” beginning readers are unable to utilize the left hemisphere timing mechanism-go

',; the correcluletter sequence in the printed array and thus are forced to adopt a

,themisphereu;eading strategy by reference to overall pattern recognition but _wi ho
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'Similar to that used by— Tzen; et al. (1982) but'uith evoked potentials as the
'dependent measure Bentin- and Carmon (1983) were able to show that greater amount of
brain actiVities occurred in the left hemisphere during reading, especially when a,

-

sequential strategy was employed by the reader to. encode the input letters. Its has

- L)

also’ been reported that »dyS]QXlCS have qualitatively and_quantitatively different, s

' '.eyemovement'patterns and characteristics from all other readers, “not ‘only “during» .
reading, but aiso in the Simple sequential task of tracking sequentially moVing light
fsources (Pavlidis, 1981) It is possible that such defects are results of. incomplete
b cerebral lateraliiatiun'(Orton, 1937 Zurif & Carson, 1970). Thus, further. study of
B the. interaction ‘between hemispheric functioning and reading ability would shed light.

.on the role of the timing mechanism in reading skills.

We have been trying te ooint out’ ~that “the propoSition of left hemisphere

Tf?m“ laterali;ed.; mechanism for fiver temporal.sresolution-sis-—compatibleAMWith most-'——
; experimental and clinical data on the product on and reception of speech script and |
‘signs. A direct’ implication isf‘ ha it is not the structure of language that is
o ; -lateralized, rather, it is the proceSSing mechanism to get at the structure that ﬁfi
‘!leads ‘to the menifestation of a lateralized langu ge. An indirect implication from -
) such a proposition is that at a segmental level 6a%%inguage, such as lexical deClSlon
"task the right hemisphere may be able to. perform some “language like actiVities. fff
fThe only differences are that it s slower and may use a totally different strategy
g{]‘~ .(e g., “ideographic 'strategy) in uord recognition. Zaidel (1983) has accumulated
S enough data on the right hemisphere }anguage to support this position. fl fact

h'results of right hemisphere dominance in processing Single Chinese characters can be QVf

1"vaused to argue for such an ideographic strategy. : R ‘TT.E*S -fg‘ «y?,«;»

o Concluding Remarks o

: In this paper our concern is Nlth the issue of orthography, reading and higher

ujcortical functions.,dg

ii{human communication wit
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s language skil]s. The communaiities and contrasts among them are. ~of

ey - . i

script). On the_ one hand,/ while both speech and sign language evo.ve as primaryf
‘“linguistic systems. scripts was deve]oped to transcribe mainiy the former in terms of;

‘ f_various orthographic principles (namely. iogographic. syllabic.f and a]phabetic?

mapping ru]es) Consequently. Tearning tq read presents tremendous difficulty to t"f
deaf ‘chiTdren” who are deprived of the privi]ege of speech On the other hand bothﬁ
v sign language and script are produced by hands and perceived by eyes whereas speech
signals are transmitted via the vocai tract and received by ears. Thus moda
: “specific properties ‘of 1nformation processing seem to impose certain typesz of

»]anguage cognitive constraints on the acquisition of these three diffenent types of

'modulated by the brain. Therefore discoveries of simiiarities and differeq

ﬂthese informatiun processing systems NTtth and across differgpt cultures

'languages shou]d shed Tight on the functional organization of our brain

editors of the book Deep Dys]exia cogent]y put it 'Brain may be simiTa

fcu]ture to another but orthographies certain]y are not.t (p. viii) Sov we ar i
~f‘era in which cross language comparison of higher cortical functions in reading hould
' revea] important information concerning how that same brain adapts to ortho aphic

‘variations across and within different ]anguages. )



